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PREFACE 


The  Electrical  Meterman's  Handbook  has  been  prepared  for  the 
purpose  of  making  available  in  practical  form  and  giving  wide  dis- 
tribution to,  that  knowledge  of  meters  and  metering  which  is  neces- 
sary for  the  accurate  and  efficient  commercial  measurement  of  elec- 
tricity. 

The  need  of  properly  trained  metermen  is  felt  by  all  central  sta- 
tions, both  large  and  small,  and  the  mission  of  the  Handbook  is  to 
supply  such  information  as  is  needed  in  training  men  for  meter  work, 
together  with  such  instructions  and  data  as  every  meterman  should 
have  constantly  at  hand  for  reference. 

The  Handbook  is  not  intended  to  cover  the  same  ground  as,  or 
in  any  way  to  supplant,  the  Code  for  Electricity  Meters  prepared 
jointly  by  the  Meter  Committees  of  the  Association  of  Edison 
Illuminating  Companies  and  the  National  Electric  Light  Association. 
That  work,  compiled  by  an  independent  laboratory  of  recognized 
standing,  treated  the  subject  of  metering  largely  from  the  scientific 
side  and  is  invaluable  as  a  guide  to  metering  specifications  for  cen- 
tral   station  managements,  and  also   for  state   and   civic  commissions. 

The  Handbook  is  intended  primarily  for  practical  metermen  and 
has  been  prepared  with  the  requirements  of  men  without  technical 
education  constantly  in  mind.  While  the  technical  side  of  the  sub- 
ject has  not  been  neglected,  complex  mathematical  demonstrations 
have  been  largely  eliminated  and  simpler  but  adequate  explanations 
have  been  given,  when  the  treatment  of  technical  subjects  has  seemed 
desirable. 

Only  modern  American  electricity  meter  practice  has  been  con- 
sidered, or  described,  no  attempt  having  been  made  to  touch  upon 
foreign  usage,  or  makes  of  meters. 

The  Handbook,  moreover,  is  largely  a  compilation  of  material 
from  authoritative  sources  and  on  this  account  it  is  the  more  valu- 
able. This  material  includes  information  on  deportment  of  meter 
corps;  meters;  standards;  instruments;  equipments  and  methods,  and 
when  necessary  has  been  carefully  revised.  No  originality  is  claimed 
for  a  large  part  of  its  contents  which  has  been  gathered  from  many 
sources,  the  mention  of  all  of  which  is  impracticable.     Considerable 
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material  has  been  taken  directly  from  the  Code  for  Electricity  Meters, 
and  also  from  various  reports  of  the  Meter  Committee  of  the  Na- 
tional Electric  Light  Association,  particularly  from  the  exhaustive 
report  of  1909,  presented  by  Mr.  Geo.  Ross  Green,  to  whom  credit 
for  the  inception  of  this  Handbook  is  due,  and  from  the  reports  of 
the  two  following  years  presented  by  Mr.  G.  A.  Sawin. 

The  chapter  on  "  The  Principles  of  Electricity  Meters "  is  taken 
from  the  excellent  paper  written  by  Mr.  Burleigh  Currier,  of  Phila- 
delphia, and  included  in  the  1909  report,  and  has  been  rewritten  by 
him  especially  for  the  Handbook. 

The  cooperation  of  other  expert  raetermen  has  also  been  secured 
in  the  preparation  of  the  work  and  valuable  contributions  received 
from  Mr.  H.  E.  Brumelle,  Mr.  F.  V.  Magalhaes.  Mr.  J.  R.  Wagner, 
and  Mr.  Robert  B.  Grove,  of  New  York;  Mr.  C.  H.  Ingalls,  of  Boston; 
Mr.  Paul  Spencer,  Mr.  J.  B.  Seaman,  and  Mr.  J.  V.  Mathews,  of  Phil- 
adelphia; Mr.  A.  G.  Turnbull  and  Mr.  C.  E.  Brown,  of  Chicago. 

We  would  also  gratefully  acknowledge  the  assistance  received 
from  Dr.  C.  H.  Sharp  of  the  Electrical  Testing  Laboratories,  and 
also  from  Mr.  P.  G.  Agnew,  of  the  Bureau  of  Standards  of  the  De- 
partment of  Commerce  and  Labor. 

Mention  should  also  be  made  of  the  ready  cooperation  of  the 
meter  manufacturers  who  have  contributed  for  publication  the  data 
on  their  respective  meters,  and  particularly  of  the  greatly  appreciated 
assistance  of  Mr.  F.  G.  Vaughen  and  Mr.  F.  P.  Cox,  of  the  General 
Electric  Company;  Mr.  William  Bradshaw,  of  the  Westinghouse 
Electric  &  Manufacturing  Company;  Mr.  A.  A.  Serva.  of  the  Fort 
Wayne  Electric  Works;  Mr.  R.  C.  Lanphier  and  Mr.  H.  W.  Young, 
of  the  Sangamo  Electric  Company;  Mr.  Thomas  Duncan,  of  the 
Duncan  Electric  Manufacturing  Company;  Mr.  H.  T.  Shire,  of  the 
Columbia  Meter  Company  and  Mr.  C.  L  Hall,  of  the  Chicago  Elec- 
tric Meter  Company. 

The  production  of  the  Handbook  in  the  limited  time  available  was 
not  a  small  task  and  would  have  been  impossible  had  not  each  mem- 
ber of  the  Committee  carried  his  full  share  of  the  work  and  devoted 
considerable  time,  during  the  past  year,  to  its  preparation.  We  are 
especially  indebted  to  Mr.  F.  A.  Vaughn,  who,  as  Secretary  of  the 
Committee,  has  carried  the  greater  part  of  the  burden  of  its  publi- 
cation. 

It  is  recognized  that  much  of  the  material  in  this  Handbook  will 
soon  become  obsolete  and,  on  that  account,  it  would  have  been 
desirable  to  have  it  published  in  loose  leaf  form,  so  that  changes 
and  additions  could  be  made  from  time  to  time,  but  on  account  of 
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the  wide  distribution  which  is  desired  for  it,  this  did  not  seem  to  be 
practicable. 

It  is  hoped  that  the  work  will  be  revised  and  republished  at  inter- 
vals by  future  Committees,  and  that  it  will  become  a  standard  publica- 
tion of  the  Association,  similarly  to  the  Electrical  Solicitors'  Hand- 
book, and,  having  been  prepared  in  the  same  spirit  of  cooperation, 
that  it  will  likewise  prove  to  be  a  contribution  of  some  value  to  the 
work  of  the  Association. 

In  conclusion,  we  desire  to  express  our  thanks  and  obligations  to 
the  present  administration  and  especially  to  the  President,  Mr.  John 
F.  Gilchrist,  who  has  from  the  start  encouraged  the  production  of 
this  Handbook,  and  to  the  Executive  Committee  of  the  Association, 
which  authorized  the  large  expenditure  necessary  for  its  publication. 

COMMITTEE    ON    METERS, 

O.  J.  Bush  NELL,  Chairman. 
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CHAPTER    I 

The  Meterman*s  Relation  to  Consumers 

A  "Public  Service"  or  "Public  Utility"  Corporation  derives  its 
franchise  and  its  privileges  from  the  community  in  which  it  oper- 
ates. It  is  therefore,  as  the  name  implies,  a  public  servant,  selected 
by  the  people  to  perform  an  essential  service,  and  it  is  the  duty  of 
its  employees  to  serve  the  public  as  faithfully,  efficiently  and  courte- 
ously as  possible. 

The  operation  of  a  public  utility,  like  the  holding  of  a  public 
office,  is  in  the  most  positive  sense  a  public  trust,  and  it  is  exceed- 
ingly important  that  every  officer,  every  head  of  department  and 
every  employee  should  recognize  this  fact.  Each  one  owes  his  em- 
ployment to  the  public,  as  well  as  to  his  organization,  and  should 
realize  that  only  by  doing  his  full  duty  to  the  people  of  the  com- 
munity can  he  do  his  full  duty  to  his  company.  The  employee  who 
serves  the  public  best  is  the  employee  who  serves  his  company  best. 
The  public  can  just  as  rightly  expect  courteous,  prompt  and  pleasant 
attention  from  the  officers  and  employees  of  a  company  as  to  expect 
good  service  in  exchange  for  the  cash  it  has  given  and  the  privileges 
it  has  conferred. 

The  ideal  of  a  corporation — caurtesy  to  the  public  and  the  best 
possible  service — can  only  be  approached  through  the  loyal,  alert  and 
intelligent  cooperation  of  every  employee.  Only  the  keenest  atten- 
tion and  the  most  ^assiduous  devotion  to  the  company's  interests,  in- 
spired by  a  sense  of  personal  responsibility  for  the  success  of  the 
business  will  enable  a  company  to  attain  that  high  degree  of  effi- 
ciency comprehended  in  the  term  "best  possible  service." 

An  employee  who  is  courteous  to  the  public  is  merely  doing  his 
duty  and  performing  the  functions  which  are  expected  of  him  and 
for  which  he  receives  his  compensation. 

The  ability  displayed  by  an  employee  in  performing  his  duties  in 
harmony  with  the  spirit  of  the  organization,  with  patience  and  cour- 
tesy toward  the  public,  and  with  an  honest  effort  to  do  his  best, 
will  be  an  important  factor  in  his  progress  with  the  company. 

The  axiom  that  "  large  bodies  move  slowly  "  is  sometimes,  perhaps 
justly,  applied  to  corporations.     A  corporation  is  merely  an  aggre- 
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gation  of  individuals,  and  it  therefore  reflects  the  human  qualities 
of  its  constituent  parts.  It  follows  that  when  you  find  a  corporate 
body  is  moving  slowly,  you  will  also  find  that  one  of  its  units  is 
moving  slowly  and  thereby  retarding  the  mass.  Every  employee 
should  watch  himself  carefully  for  symptoms  of  "  lagging "  and  not 
allow  himself  to  become  a  clog  on  the  wheel. 

To  set  down  a  number  of  hard  and  fast  rules  governing  a  meter- 
man's  conduct  in  relation  to  his  company's  consumers  is  difficult,  if 
not  impossible,  for  no  two  consumers  share  the  same  point  of  view 
and  no  two  sets  of  complaint  conditions  are  exactly  alike. 

While  always  bearing  in  mind  the  general  regulations  of  the  com- 
pany, a  meterman  must  use  his  own  ingenuity^  judgment  and  com- 
mon sense  when  dealing  with  a  consumer. 

Every  man  on  the  company's  pay-roll  is,  in  a  sense,  a  representa- 
tive of  the  company.  You  often  hear  it  stated  that  "  a  man  is  judged 
by  the  company  he  keeps,"  and  the  converse  is  equally  true — com- 
panies are  judged  by  the  men  they  keep. 

Consider,  then,  the  importance  of  your  attitude  as  a  representative 
of  the  company,  whose  aims  and  ideals  find  expression  through  the 
medium  of  its  employees. 

No  matter  how  obscure  your  position  may  be,  or  how  remote 
from  the  commercial  side  of  the  business,  you  are  known  amongst 
your  friends  and  acquaintances — and  perhaps  by  an  even  wider  circle 
of  people  with  whom  you  are  personally  unacquainted — as  the  public 
service  company's  employee. 

Do  not  lose  sight  of  the  fact  that  the  consumers  of  your  company's 
commodity  regard  you  more  as  a  representative  of  the  company 
than  as  an  individual,  and  will  consider  the  principles  and  character- 
istics displayed  by  you  while  on  their  premises  as  identical  with 
those  of  the  company. 

If,  as  an  employee,  you  are  overbearing  and  inconsiderate  of  a  con- 
sumer's rights  or  desires,  that  consumer  naturally  judges  the  com- 
pany by  your  actions,  which,  he  assumes,  reflect  the  policy  of  your 
company,  and  he  will  accordingly  make  deprecating  remarks  against 
the  company,  in  proportion  to  me  unfavorable  impression  you  have 
made;  on  the  other  hand,  a  courteous  meterman  can  do  much  to 
keep  up  pleasant  and  profitable  relations  between  consumers  and 
the  company. 

To  a  great  extent,  a  company  is  judged  by  the  "  manners  "  of  its 
employees.  Therefore,  cultivate  genuine  courtesy  and  exercise  pa- 
tience and  forbearance  on  all  occasions. 

Courtesy   is   the   outward    expression   of   breeding   and    character. 
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Its  practice  is  founded  upon  the  Golden  Rule,  "  Do  unto  others  as 
you  would  that  they  should  do  unto  you." 

In  very  few  industries  is  the  need  of  courtesy  more  imperative 
than  in  the  business  of  manufacturing  and  supplying  electric  light 
and  power,  which,  to  the  layman,  is  peculiarly  technical  and  mys- 
terious;  he  does  not  comprehend  its  complicated  processes,  and  he 
resents  its  apparent  mystery.  In  dealing  with  this  type  of  man, 
who  cannot  understand  why  he  should  have  a  higher  bill  this  month 
than  last,  or  why  the  actual  reading  of  the  meter  should  be  doubled, 
or  quadrupled,  by  multiplying  the  reading  by  a  register  constant, 
employees  have  frequent  opportunity  for  demonstrating  the  quality 
of  their  courtesy. 

The  importance  of  building  up  the  consumer's  confidence  in  the 
company,  in  electricity  meters  in  general  and  in  his  meter  in  par- 
ticular, should  be  fully  realized,  and  the  straightforwardness,  sim- 
plicity and  accuracy  of  the  company's  methods  and  the  reliability  of 
its  meters  should  be  made  plain  to   him. 

It  is  necessary  for  metermen  to  remember  that  the  consumer  is 
unacquainted  with  many  conditions  with  which  they  are  thoroughly 
familiar,  and  in  imparting  this  knowledge  to  the  consumer,  they 
should  do  so  without  any  assumption  of  superiority  or  display  of 
impatience.  Courtesy  to  the  public  is  not  condescension  toward  the 
consumer  nor  is  it  more  than  your  duty  toward  the  company. 

An  eminent  physician,  Dr.  Cabot,  has  called  attention  to  a  psycho- 
logical fact  which  should  constantly  be  kept  in  mind  by  those  who 
have  to  do  with  public  service,  and  which  he  calls  "  The  Illusion  of 
Routine." 

"  You  are  perhaps  an  orderly  stationed  in  a  certain  part  of  a  great 
institution  to  answer  questions.  People  drift  by  your  corner  at  such 
and  such  a  rate  and  ask  you  questions,  many  of  which  are  very 
foolish  questions.  Human  nature  being  what  it  is,  those  questions 
come  to  be  very  much  alike  in  any  given  month,  or  in  any  given 
year,  and  before  you  have  been  there  very  long  you  have  been  asked 
the  same  foolish  questions  by  at  least  a  hundred  people.  The  point 
to  which  I  want  to  direct  your  attention  is  that  when  the  hundredth 
man  asks  you  a  question  which  is  no  more  foolish  than  it  was  when 
it  was  asked  you  the  first  time,  your  impression  is,  and  you  act  upon 
it,  that  you  have  been  asked  the  same  foolish  question  a  hundred 
times  by  the  same  man." 

The  favorable  impression  made  upon  a  consumer  who  starts  to 
register  a  vigorous  complaint,  and  who  finds  he  is  confronted  by  a 
courteous  employee,  quick  to  understand  his  difficulties  and  eager  to 
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remedy  them,  cannot  be  overestimated.  From  being  one  of  its  ^ 
severest  critics,  the  consumer  becomes  one  of  the  company's  best  '^ 
friends;  he  is  usually  gratified  to  recognize  the  courtesy  with  which  ^i 
he  has  been  treated,  and  does  not  hesitate  to  advertise  it  amongst  ^ 
his  friends.  cisi 

The  kind  of  service  a  consumer  receives  is  even  secondary  to  the  ^ 
kind  of ' treatment  his  sensibilities  receive.  If  he  believes  the  com-  in 
pany  treats  him  with  respect  and  fairness  he  is  more  willing  to  be  »li! 
fair  and  reasonable  in  his  service  requirements.  But  if  he  bears  a  1 
wounded  pride,  or  is  incensed  against  the  company  by  an  inconsid-  ^ 
erate  employee,  the  best  of  service  and  the  lowest  of  rates  may  not  «) 
suffice  to  pacify  him. 

True  courtesy  pays:  to 

1.  Because  it  makes  friends  for  the  company,  as  well  as  for  the  ^ 
employee.  tu 

2.  Its  practice  is  conducive  to  greater  dignity  and  self-respect.         pi 

3.  It  eliminates  friction  and  lubricates  the  machinery  of  business.  ^ 

4.  It  refutes  the  traditional  attitude,  popularly  ascribed  to  public 
service  corporations,  of  being  callously  indifferent   to  the  interests   ^ 
of  their  patrons.  \ 

Courtesy  and  civil  treatment  are  due  fully  as  much  to  those  with   p 
small  installations  as  to  the  largest  consumer.     Promises  to  patrons   f 
and  public  should  be  carefully  considered  before  they  are  made,  in 
the  light  of  the  fact  that  disappointment  and  dissatisfaction  go  hand   ( 
in  hand.     Only  authorized  employees  should  make  definite  promises.    1 

Be  as  brief  as  the  occasion  will  warrairt.  but  in  order  to  be  brief 
it  is  not  necessary  to  be  brusque;  sharp,  peremptory  answers  and 
remarks  cannot  be  too  severely  condemned.  In  the  practice  of  brev- 
ity, it  is  only  necessary  to  he  business-like  and   concise.  ^ 

In  conversation  with  consumers,  use  diplomacy.  The  assumption  | 
must  be  made  that  the  consumer  is  correct  in  his  statements,  and  the 
burden  of  proof  must  be  assumed  by  you  and  the  company.  The 
consumer  must  be  made  to  plainly  feel,  this  attitude.  Always  bear  1 
in  mind,  if  a  dispute  arises,  that,  in  giving  technical  information, 
you  are  apt  to  be  misunderstood  or  misquoted.  Use  great  care  in 
choosing  answers  regarding  the  results  of  your  w-ork.  It  w^ere  bet- 
ter to  politely  refer  the  interrogator  to  the  main  office  than  to  pive 
a  premature  decision,  from  unchecked  calculations  or  inferences,  or 
to  overstep  your  authority  on  account  of  the  possession  of  too  much 
false  pride  to  acknowledge  that  you  do  not  know%  or  that  another 
department   is   authority    on   that   particular   question. 

On  the  consumer's  premises  your  work  should  be  conducted    in    a 
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quiet,  earnest,  business-like  manner,  laying  all  frivolities  aside  for 
leisure  moments.  Avoid  discommoding  the  consumer  and  being  un- 
fair to  the  company  in  the  consumption  of  unnecessary  time  in  the 
pursuit  of  your  duties.  If  the  situation  is  difficult,  or  complex,  exer- 
cise the  best  quality  of  judgment  at  your  command  as  to  whether 
an  unavoidably  long  time  should  be  spent  upon  the  problem  at  that 
time,  or  another  visit,  with  attending  inconvenience  to  the  consumer, 
should  be  made  with  more  efficient  equipment  or  preparation. 

By  a  conscientious,  business-like  attitude  and  conduct  on  the  con- 
sumer's premises,  you  can  eliminate  the  embarrassment  and  possibil- 
ity of  suspicion,  or  accusations. 

The  report  of  accidents  to  the  consumer's  property,  immediately, 
correctly,  and  in  detail,  will  save  the  company,  and  the  meterman, 
the  embarrassment  of  misinterpreted  accusations  and  further  diffi- 
culty resulting  from  lack  of  knowledge  of  the  circumstances,  and  will 
place  the  company  in  position  to  deal  with  the  case  directly  and  with 
dispatch. 

Personal  injuries,  in  which  the  company  is  interested,  should  be 
reported  as  soon  as  possible,  as  this  will  give  the  injured  one  the 
benefit  of  whatever  medical  service  is  at  the  command  of  the  com- 
pany and  will  allow  the  company  to  relieve  the  incapacitated,  or 
sick,  employee,  and  to  continue  the  work  with  minimum  interruption. 

The  use  of  bad  language,  and  tobacco  in  any  form,  or  the  display 
of  aiiy  habits,  or  characteristics,  which  may  be  disagreeable  to  the 
consumer  should  be  studiously  avoided. 

Sometimes,  unfortunately,  it  seems  necessary  to  caution  meter- 
men  agrainst  such  thoughtless  misdemeanors  as  leaving  open  doors 
and  windows  found  closed;  slamming  doors;  tracking  mud  and  dirt 
into  the  interior  of  the  consumer's  premises;  disarranging  furniture 
and  leaving  it  so;  and  entering  the  house  without  the  observance  of 
such  conventionalities  as  the  removal  of  a  hat  or  cap,  or  using  the 
rear,  or  other,  entrances  provided  for  you. 

Avoid  as  much  as  possible  the  disconnection  of  lights,  the  disuse 
of  which  may  inconvenience  the  consumer;  and  if  it  be  necessary  to 
disconnect  certain  circuits,  or  units,  be  particularly  careful  to  re- 
establish every  connection  you  disturb;  to  turn  off  any  lights,  or 
circuits  you  found  necessary  to  use  during  your  investigation,  and 
to  leave  the  consumer's  property  as  you  found  it. 

Bear  in  mind  that  you  are  an  outsider  in  premises  which  do  not 
belong  to  you,  but  to  the  consumer,  and  do  not  take  liberties  on  his 
property  which  you  would  not  tolerate  in  reverse  circumstances. 

It  is  essentially  to  your  advantage,  as  well  as  to  that  of  the  com- 
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pany,  that  you  be  neat  and.  cleanly  in  personal  appearance.  Good 
first  impressions  assist  materially. 

Your  badge,  or  other  means  of  identification,  is  given  you  for  an 
obvious,  specific  purpose,  and  no  resentment  should  be  fostered  when 
the  consumer  asks  you  to  identify  yourself;  in  fact,  you  should  make 
such  a  situation  impossible  by  immediately  explaining  your  mission 
in  a  business-like,  intelligent,  unassuming  manner,  and  utilizing  such 
credentials  as  your  company  has  furnished  you. 

In  conclusion,  it  may  be  stated  that  a  meterman,  therefore,  has  a 
three-fold  responsibility  placed  upon  him,  namely,  his  duty  to  his 
employer  to  see  that  all  the  energy  used  is  measured;  his  duty  to  the 
public  to  see  that  they  are  not  required  to  pay  for  more  energy  than 
they  have  used;  and  his. duty  to  himself  that  he  turn  out  good  and 
accurate  work,  and  thus  build  up  his  own  reputation  and  strengthen 
his  chances  for  promotion  and  prosperity  with  his  company. 
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CHAPTER   II 

Terminology,  Nomenclature  and  Units 

TERMINOLOGY 
Definitions  of  Technical  Terms 

Accumulator— A  word  sometimes  applied  to  a  current  accumulator. 
A  Leyden  jar,  or  condenser.    A  secondary,  or  storage,  battery. 

Admittance— The  reciprocal  of  the  impedance  in  an  alternating  cur- 
rent circnit. 

Alive— A  name  sometimes  given  to  a  live  wire,  or  circuit.  An 
active  wire,  or  circuit. 

Alternating  Current — Currents  which  flow  alternately  in  opposite 

directions,  similarly  to  the  ebb  and  flow  of  tides.     Current  whose 

direction  is  periodically  reversed  and  which  when  plotted,  consists 

of  half-waves  of  equal  area  in  successively  opposite  directions  from 

the  zero  line.    An  alternating  current  equals  the  electromotive  force 

divided  by  the  impedance,  or 

E 
_E  _  E  ^  =Y^ 

^^vWtW^    R'+(^<^-ci;)« 

This  expression  represents  Ohm's  law  for  alternating  currents. 

Z  =  Impedance  of  circuit  in  ohms. 

R  =  Resistance  of  circuit  in  ohms. 

X  =  Reactance  of  circuit  in  ohms. 

L  =  Coefficient  of  self  induction  in  henrys. 

C  =  Capacity  of  the  circuit  in  farads. 

«  =  2  IT  /  angular  velocity,  where 

/  =the  number  of  cycles  per  second,  or  frequency. 

Alternating  Current*  Collection  of — If  a  coil  is  revolved  in  a  uni- 
form magnetic  field,  the  number  of  lines  threading  througli  it  will 
twice  in  each  revolution  be  zero,  once  a  maximum  in  one  direction, 
and  once  in  the  other.  If.  therefore,  the  current  of  that  coil  is  col- 
lected by  means  of  collector  rings  and  brushes,  Figs,  i  and  2,  it 
will  traverse  the  external  circuit,  from  brush  to  brush,  in  one  direc- 
tion for  one  half  of  a  revolution  and  in  the  opposite  direction  in  the 
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other  half,  or  an  alternating  current  is  produced  by  the  coil.    In  plot- 
ling  the  positions  of  the  coil  in  the  magnetic  field  as  ordinates  and  the 


corresponding  instantaneous 

the  curve  of  the  induced  e.  m. 
circuit  is  constant  during  the 


of  the  induced  e.  tn.  f.  as  al>sciss!e, 
since  the  electrical  resistance  of  the  ' 
n  of  the  coil,  the  curve  of  induced 


Fic.  1.— Collectioi 

currents,  is  obtained  (Fig.  3).  Since  the  instantaneous  value  fP  at 
any  moment  is  expressed  by  the  product  of  the  maximum  value  and 
the  sine  of  the  angle  through  which  the  coil  has  moved,  viz.,  e<t>^ 


■-■J,---' 
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E  X  sin  0,  the  curve  of  the  induced  c.  m.  fs.,  in  a  uniform  magnetic 
field,  is  a  sine  wave,  or  a  sinusoid. 

Alternating  Currents,  Rectification  of— -By  means  of  a  device  called 
a  commutator,  the  alternating  current  delivered  by  the  coil  to  the 


Pig.  5. — Rectified  e.  m.  f.  Developed  by  on  Armature  with  a  Single  Coil. 

external  circuit  can  be  rectified  so  as  to  flow  always  in  the  same 
direction,  the  negative  inductions  being  commutated  into  poisitive 
ones,  and  the  alternating  current  transformed  into  a  unidirected  or 
continuous  current.     This  is  shown  in  Fig.  4,  Fig.  5  and  Fig.  6. 


0     »X*I6 


irr— • 


Fig.  6. — Rectified  e.  m.  f .  Developed  by  an  Armature  with  Many  Coils. 

Alternator,  or  Alternating  Current  Generator — A  generator  which 
produces  alternating  currents,  either  single-phase  or  polyphase. 

Ammeter — A  form  of  galvanometer  in  which  the  value  of  the  cur- 
rent is  measured  directly  in  amperes. 

An  ammeter  is  a  galvanometer  with  an  indicator  which  plays  over 
a  divided  scale  and  indicates,  directly,  the  value  of  the  current  flow- 
ing through  the  instrument.  In  many  cases  a  small  but  definite 
fractional  part  only  of  the  current  flows  through  the  ammeter,  the 
remainder  flowing  through  a  low  resistance  shunt.  The  numbers  on 
the  ammeter  scale  may  be  made  to  give  the  value  of  the  total  current 
including  that  which  flows  through  the  shunt.  If  desired,  the  instru- 
ment may  be  provided  with  several  interchangeable  shunts  of  differ- 
ent resistances,  so  that  the  instrument  may  be  used  to  measure  large 
or  small  currents  at  will.     In  such  a  case  the  scale  readings  must  be 
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multiplied  by  a  factor  to  give  the  total  current,  and  this  factor  has 
a  large  value  for  a  low  resistance  shunt  and  a  small  value  for  a  high 
resistance  shunt. 
There  are  five  distinct  types  of  ammeters,  namely: 
(a)  The  tangent  galvanometer  type,  in  which  the  indicator  is  at- 
tached to  a  small  permanent  magnet  which  is  deflected  by  the  current 
to  be  indicated.     This  type  is  now  seldom  used  (Fig.  7). 


kJ 


Fig.  7. — Tangent  Galvanometer. 


Pig.  8. — D'Arsonval 
Galvanometer. 


Pig.  9.— D'Arsonval 
Type  of  Continu- 
ous Current  In- 
strument. 


(6)  The  D'Arsonval  galvanometer  type,  in  which  the  current  to  be 
indicated  (or  a  definite  fractional  part  of  it)  flows  through  a  small 
suspended  or  pivoted  coil  which  is  deflected  by  a  permanent  steel 
magnet.  The  indicator  is  attached  to  the  pivoted  coil  (Fig.  8).  This 
type  is  much  used  for  precision  ammeters  for  continuous  currents. 
The  Weston  continuous  current  ammeters  are  of  this  type  (Fig.  9). 

(c)  The  electrodynamometer  type,  in  which  the  current  to  be  indi- 
cated (or  a  definite  fractional  part  of  it)  flows  through  a  stationary 
coil  and  a  movable  (pivoted)  coil  connected  in  series.  The  force  ac- 
tion between  the  two  coils  deflects  the  pivoted  coil  and  causes  an 
attached  indicator  to  play  over  a  divided  scale.  This  type  is  much 
used  for  precision  ammeters  for  alternating  current;  it  is  suitable  also 
for  continuous  current,  but  it  has  the  disadvantage  that  the  deflecting 


26  ELECTRICAL   METERMAN'S    HANDBOOK 

/orces  are  small,  so  that  the  Instrument  must  be  very  finely  < 
structed.    Another  disadvantage  of  this  type  when  used  for  c 
ous  currents  is  that  the  direction  of  deflection  is  not  reversed  by  a 
reversal  of  the  current  (Fig,  lo), 

(d)  The  hot  wire  type,  in  which  the  current  to  be  indicated  flows 
through  a  fine  wire,  which  by  its  rise  of  temperature  and  consequent 
expansion,  actuates  an  indicator  which  plays  over  a  divided  scale. 
(See  hot  wire  measuring  instrument.) 

(e)  The  plunger  type.  This  type  includes  all  of  the  great  variety 
of  ammeters  in  which  a  piece  of  soft  iron  is  magnetized  and  deflected 
by  a  coil  of  wire  through  which  the  current  to  be  indicated,  flows. 
The  simplest  form  of  the  plunger  type  of  ammeter  is  that  from  which 
it  takes  its  name,  namely,  a  coil  of  wire  and  a  soft  iron  plunger  which 


— Electrodynunoinetar  Type  of  Indi- 


— PlungM  Type  ot  Indicating 


,  is  drawn  into  the  coil  by  the  current,  in  opposition  to  the  pull  of  a 
spring  or  to  the  pull  of  gravity  (Fig.  ii).  In  the  most  approved 
form  of  plunger  ammeter,  a  soft  iron  vane  is  attached  to  a  pivot 
which  is  controlled  by  hair  springs,  and  the  instrument  is  so  designed 
as  to  magnetize  the  soft  iron  vane  strongly,  even  when  the  current 
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to  be  indicated  is  a  small  fraction  of  that  which  gives  a  full  deflection 
of  the  instrument.  This  accomplishes  the  double  purpose  of  making 
the  deflections  more  nearly  proportional  to  the  current,  and  of 
eliminating  the  errors  due  to  magnetic  hysteresis,  that  is,  to  the 
tendency  of  the  iron  vane  to  retain  its  magnetism  with  a  decreasing 
current. 

Ampere — ^The  international  ampere,  as  defined  by  the  Interna- 
tional Electrical  Congress,  which  met  in  Chicago  in  1893,  "  is  one- 
tenth  of  the  unit  of  current  of  the  c.g.s.  system  of  electromagnetic 
units,  and  is  represented  sufficiently  well  for  practical  use  by  the  un- 
varying current,  which,  when  passed  through  a  solution  of  nitrate  of 
silver  in  water  and  in  accordance  with  an  adopted  set  of  specifica- 
tions, deposits  silver  at  the  rate  of  0.001118  of  a  gram  per  second." 

Ampere-Hour — A  unit  of  electrical  quantity  equal  to  the  quantity 
of  electricity  conveyed  by  one  ampere  flowing  for  one  hour.  A  quan- 
tity of  electricity  equal  to  3,600  coulombs. 

Ampere-Hour  Meter — ^An  instrument  giving  the  total  time  summa- 
tion of  the  amperes.     (See  Chapter  XVI  and  Chapter  III.) 

Ampere-Second— A  unit  of  electric  quantity  equal  to  the  quantity 
of  electricity  conveyed  by  one  ampere  flowing  for  one  second.  A 
coulomb. 

Ampere  Turn— A  unit  of  magneto-motive  force  equal  to  that  pro- 
duced by  one  ampere  flowing  around  a  single  turn  of  wire. 

Amplitude  of  Vibration  of  Wave — ^The  extent  of  the  excursion  of  a 
simply  vibrating  particle,  or  quantity,  on  either  side  of  its  vibrating 
point. 

Angle  of  Declination — ^The  angle  which  measures  the  deviation  of 
the  magnetic  needle  to  the  east,  or  west,  of  the  true  geographical 
north.    The  angle  of  variation  of  a  magnetic  needle. 

Angle  of  Dip— The  angle  which  a  magnetic  needle,  free  to  move  in 
both  a  vertical  and  horizontal  plane,  makes  with  the  horizontal  line 
passing  through  its  point  of  support.  The  angle  of  inclination  of  a 
magnetic  needle. 

Angle  of  Inclination — ^The  angle  of  dip. 

Angle  of  Lag  or  Lead  of  Current — An  angle  whose  tangent  is  equal 
to  the  ratio  of  the  reactive  to  the  ohmic  resistance  in  a  circuit;  whose 
cosine  is  equal  to  the  ohmic  resistance  divided  by  the  impedence  of 
a  circuit;  whose  cosine  is  the  ratio  of  the  real  to  the  apparent  power 
in  an  alternating  current  circuit  or  the  angle  by  which  the  current 
lags  behind  or  leads  the  e.  m.  f. 

Angle  of  Lead  of  Commutator  Brushes — ^The  forward  angular  de- 
viation from  the  normal  position  which  must  be  given  to  the  col- 
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Iccting  brushes  on  the  comniutator  of  a  continuous-current  generator 
in  order  to  obtain  sparkless  commutation. 

Anion — The  electro-negative  ion,  or  radical,  of  a  molecule. 

Anode— That  electrode  by  which  the  current  enters  an  electrolyte 
is  called  the  anode. 

Aperiodic  Instrument — An  instrument  whose  indicator  comes  to 
rest  without  any  oscillation.     A  dead-beat  instrument. 

Apparent  Electromotive  Force — ^The  e.  m.  f.  apparently  acting  in  a 
circuit  as  measured  by  the  drop  of  pressure  due  to  the  resistance  of 
the  circuit  and  the  current  strength  passing  through  it. 

Apparent  Power,  Volt-Amperes — In  an  alternating  current  cir- 
cuit, the  apparent  power,  or  the  product  obtained  by  multiplying  the 
volts  by  the  amperes,  as  read  directly  from  a  voltmeter  and  ammeter, 

Power 
■jT =  apparent  power.    When  the  power-factor  is  unity  the 

apparent  power  in  volt-amperes  is  equal  to  watts. 

Apparent  Resistance — The  impedance  in  an  alternating  current  cir- 
cuit, or  portion  thereof.     (See  impedance.) 

Apparent  Watts— The  apparent  power  in  an  alternating  current 
circuit  as  distinguished  from  the  real  power. 

Armature— A  mass  of  iron,  or  other  magnetizable  material,  placed 
on  or  near  the  poles  of  a  magnet. 

That  part  of  a  dynamo,  motor  or  continuous  current  meter  which 
carries  the  wires  that  are  rotated  in  the  magnetic  field. 

Astatic— -A  magnet  so  arranged  with  another  as  to  be  devoid  of 
directive  power  is  said  to  be  astatic,  that  is.  it  will  remain  still  in 
whatever  position  it  is  mechanically  placed.     (See  astatic  pair.) 

Astatic  Couple  or  Pair — If  two  magnets  (Fig.  12)  be  taken  equal 
in  length  and  in  strength  of  pole,  and  fixed  together  by  a  stout  piece 
of  wire  or  other  rigid  connection,  with  their  magnetic  axes  parallel 
and  their  similar  poles  pointing  opposite  ways,  they  will  form  what 
is  variously  termed  an  astatic  pair,  astatic  combination,  or  astatic  nee- 
dles. For  if  such  a  combination  is  suspended  by  the  middle,  so  as  to 
be  free  to  move  in  a  horizontal  plane,  the  two  magnets  satisfy  or 
neutralize  one  another.  The  earth's  attractive  force  on  the  north 
pole  of  one  needle  is  exactly  counterbalanced  by  its  repelling  force 
on  the  south  pole  of  the  other  needle,  and  consequently  there  is  no 
directive  force  to  cause  the  combination  to  set  in  any  particular 
position. 

Astatic  Galvanometer — A  galvanometer  provided  with  an  astatic 
needle,  or  circuit  (Fig.  12  and  Fig.  13). 
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Automatic  Circuit  Breaker — ^A  device  for  automatically  opening  a 
circuit  when  the  current  through  it  exceeds  a  predetermined  limit. 

Auto-transformer — A  one  coil  transformer  consisting  of  a  choke 
coil  connected  across  alternating  current  mains,  and  so  arranged  that 
a  current,  or  potential,  differing  from  that  supplied  by  the  mains  can  be 
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Pig.  12. — ^An  Astatic  Couple. 


Pig.  13. — ^An  Astatic  Galvanometer. 


obtained  from  it  by  tapping  the  coil  at  different  points.  Called  also  a 
compensator.  A  transformer  in  which  a  part  of  the  primary  winding  is 
used  as  the  secondary  winding  or  conversely. 

Axes  of  Co-ordinates— The  vertical  and  horizontal  lines  usually 
intersecting  each  other  at  right  angles,  and  called  respectively  the 
axes  of  ordinates  and  abscissae,  from  which  the  co-ordinates  of  a 
point  on  a  curve  are  measured. 

Axis  of  Magnetic  Needle — A  straight  line  drawn  through  a  mag- 
netic needle,  and  joining  its  poles. 

Balanced  Load  of  System — ^Any  system  is  said  to  be  balanced  when 
all  conditions  of  each  of  the  circuits  of  a  polyphase,  or  n-wire,  system 
are  alike  and  numerically  equal. 

Balanced  Resistance— A  resistance  so  placed  in  a  bridge  or  balance 
as  to  be  balanced  by  the  remaining  resistances  in  the  bridge. 

Ballistic  Galvanometer — ^A  galvanometer  designed  to  measure  the 
total  quantity  of  electricity  in  a  discharge  lasting  for  a  brief  interval,  as, 
for  example,  the  current  caused  by  the  discharge  of  a  condenser.  A  gal- 
vanometer, in  which  the  movable  part '  is  as  little  damped  as  possible, 
suitable  for  measuring  electric  charges  or  discharges,  and  usually  adjusted 
to  have  a  long  period  of  vibration  or  slow  swing. 

Bank  of  Lamps— A  group  of  electric  lamps  collected  together  in  a 
common  structure,  usually  for  the  purpose  of  obtaining  a  load. 

Battery— If  a  number  of  simple  cells  are  united  in  series,  the  zinc 
plate  of  one  joined  to  the  copper  plate  of  the  next,  and  so  on,  a 
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greater  diflFerence  of  potentials  will  be  produced  between  the  copper 
"  pole  "  at  one  end  of  the  series  and  the  zinc  "  pole  "  at  the  other  end. 
Hence,  when  the  two  poles  are  joined  by  a  wire  there  will  be  a  more 
powerful  flow  of  electricity  than  one  cell  would  cause.  Such  a  com- 
bination of  cells  is  called  a  battery. 

Bifilar  Suspension — Suspension  by  means  of  parallel  vertical  wires, 
or  fibers,  aS  distinguished  from  suspension  by  a  single  wire,  or  fiber. 

Bifilar  Winding — The  method  of  non-inductive  winding,  employed  in 
resistance  coils  to  obviate  the  effects  of  self-induction,  in  which  the  wire, 
instead  of  being  wound  in  one  continuous  length,  is  doubled  on  itself  be- 
fore winding. 

Binding  Post— A  metallic  binding  screw,  rigidly  fixed  to  some  ap- 
paratus or  support,  and  employed  for  conveniently  making  firm 
electric  connections. 

Branch  Conductor — A  conductor  placed  in  a  branch,  or  shunt,  cir- 
cuit.   A  smaller,  or  sub-conductor,  tapping  a  main. 

Bridge,  Wheatstone^A  device  whereby  an  unknown  electric  re- 
sistance is  readily  measured.     A  device  for  measuring  an  unknown 


Fig.  14. — Diagram  of  Connections  of  a  Wheatstone  Bridge. 


resistance  by  comparison  with  two  fixed  resistances  and  an  adjustable 
resistance.  Suppose  that  x  is  the  resistance  to  be  determined  in  Fig. 
14.  The  other  three  arms  are  built  up  from  the  coils  of  a  standard 
resistance  box.  The  arms,  m  and  «,  are  called  the  "  resistance  arms " 
and  are  so  cut  into  the  circuit  by  the  removal  of  plugs  that  the  ratio 
between  their  resistances  is  a  decimal,  as  10  or  100,  thus  simplifying 
the  solution  of  the  proportion.    To  illustrate,  suppose  that  the  resist- 
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ance  of  m  is  10  ohms;  that  of  n,  100  ohms;  and  that  of  />,  15  ohms,  as 
represented  in  Fig.  14.  Then  the  resistance  of  jr  is  150  ohms.  If  the 
resistance  of  n  is  10  ohms;  that  of  m,  100  ohms,  and  that  of  p,  464 
ohms,  the  resistance  of  x  is  46.4  ohms.  In  using  the  bridge,  the  bat- 
tery circuit  should  always  be  made  by  depressing  the  key,  k,  before 
AT,  the  key  of  the  galvanometer  branch  is  depressed.  This  avoids  the 
sudden  "  throw  "  of  the  galvanometer  needle,  in  consequence  of  self- 
induction,  when  the  circuit  is  closed. 

Bridge  Wire — ^Thc  wire  in  a  Wheatstone  bridge  in  which  the  gal- 
vanometer is  inserted. 

Brushes  of  Dynamo  Electric  Machines— Strips  of  metal,  bundles  of 
wire,  wire  gauze,  slit  plates  of  metal,  or  plates  of  carbon,  that  bear  on 
the  commutator  of  a  dynamo,  motor  or  meter  for  carrying  off  the 
current  generated  by,  or  for  conveying  current  to,  the  armature. 

Bum  Out— The  destruction  of  an  armature,  or  any  part  of  an  elec- 
tric apparatus,  by  the  passage  of  an  excessive  current  due  to  short- 
circuit  or  other  cause. 

Busbars—The  heavy  metallic  bars  to  which  dynamo  leads  are  con- 
nected and  to  which  the  outgoing  lines,  etc.,  are  connected. 

Capacity,  Current  Canying — ^The  following  table  gives  the  maxi- 
mum current  carrying  capacities  of  rubber  insulated  wires  permissible 
under  the  National  Electric  Code  requirements. 


B.  &  S.  Gauge 
Number 

Amperes 

CircttUr  Mils 

Ampere 

18 

3 

300,000 

270 

16 

6 

400,000 

330 

14 

12 

500,000 

390 

12 

17 

600,000 

450 

10 

24 

700,000 

500 

8 

33 

ik)o,ooo 

550 

6 

46 

900,000 

600 

5 

54 

1,000,000 

650 

4 

65 

1,100,000 

690 

3 

76 

1,200,000 

730 

2 

90 

1,300,000 

770 

I 

107 

1,400,000 

810 

0 

127 

1,500,000 

850 

00 

150 

1,600,000 

890 

000 

177 

1,700,000 

930 

0000 

210 

1,800,000 

970 

1,900,000 

1,010 

2,000,000 

1,050 

32  ELECTRICAL  METERMAN'S  HANDBOOK 

Capacity,  Electric— Relative  ability  of  a  conductor,  or  system,  to 
retain  an  electric  charge.     See  farad. 

Capillary  Electrometer — An  electrometer  in  which  difference  of  po- 
tential is  measured  by  the  movements  of  a  drop  of  sulphuric  acid  in 
a  tube  filled  with  mercury. 

Carbon  Rheostat — ^An  adjustable  resistance  formed  of  carbon 
plates,  or  powder,  whose  resistances  can  be  varied  by  pressure. 

Cardew  Voltmeter — A  voltmeter  whose  indications  are  obtained  by 
the  expansion,  due  to  heating,  of  a  long  fine  wire  by  the  passage 
through  it  of  the  current  to  be  measured. 

Cathode— That  electrode  by  which  the  current  enters  an  electro- 
lyte is  called  the  cathode. 

Cell,  Electrolytic— A  cell  or  vessel  containing  an  electrolyte  in 
which  electrolysis  is  carried  on. 

An  electrolytic  cell  is  called  a  voltameter  when  the  value  of  the 
current  passing  is  deduced  from  the  weight  of  the  metal  deposited. 

Center  of  Distribution— In  a  system  of  electrical  energy  distribu- 
tion, any  point  at  which  the  supply  current  is  branched,  or  radially 
distributed,  to  mains,  to  submains,  or  to  translating  devices. 

Charge — ^The  quantity  of  electricity  that  exists  on  the  surface  of  an 
insulated  electrified  conductor.     (See  capacity.) 

Choke  Coil — Coil  of  high  self-inductance,  used  in  connection  with 
lightning  arresters  and  placed  in  series  with  the  line  to  be  protected. 

Circuit — ^A  circuit  is  a  path  composed  of  a  conductor,  or  of  several 
conductors  joined  together,  through  which  an  electric  current  flows 
from  a  given  point  around  the  conducting  path,  back  again  to  its 
starting  point. 

Circuit,  Closed — A  series  of  conductors  joined  end  to  end  so  as  to 
form  an  endless  chain  is  said  to  be  a  closed  circuit.  (It  may  or  may 
not  have  an  electric  current  passing  through  it.) 

Circuit,  Grounded — A  circuit  in  which  the  conductors  have  come 
into  contact  with  the  ground,  or  with  some  electric  conductor  lead- 
ing to  the  ground,  is  said  to  be  a  grounded  circuit.    (See  ground.) 

Circuit,  Multiple — A  compound  circuit  in  which  a  number  of  sepa- 
rate sources,  or  separate  electro-receptive  devices,  or  both,  have  all 
their  positive  poles  connected  to  a  single  positive  lead,  or  conductor, 
and  all  their  negative  poles  to  a  single  negative  lead  or  conductor. 
(See  circuit,  parallel  and  shunt.) 

Circuit,  Open— A  circuit,  the  conducting  continuity  of  which  is  cut 
or  interrupted. 

Circuit,  Parallel — A  name  sometimes  applied  to  circuits  connected 
in  multiple.     (See  circuit,  multiple  and  shunt.) 
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Circuit,  Series— A  compound  circuit  in  which  the  separate  sources, 
or  the  separate  electro-receptive  devices,  or  both,  are  so  placed  that 
the  current  produced  in  each,  or  passed  through  each,  passes  suc- 
cessively through  the  entire  circuit  from  the  first  to  the  last. 

Circuit,  Short — See  short  circuit. 

Circuit,  Shunt — See  shunt  circuit. 

Circular  Mil— A  unit  of  area  employed  in  measuring  the  cross- 
section  of  wires;  equal,  approximately,  to  0.7854  square  mils.  The 
area  of  a  circle  one  mil  (.001  inches)  in  diameter. 

Clockwise  Motion — A  rotary  motion  whose  direction  is  the  same  as 
that  of  the  hands  of  a  clock,  viewed  from  the  face. 

Coefficient  of  Inductance — A  constant  quantity  such  that,  when 
multiplied  by  the  current  strength  passing  through  any  coil,  or  cir- 
cuit, will  numerically  represent  the  flux  linkage  with  that  coil  or 
circuit  due  to  that  current.  A  term  sometimes  used  for  coefficient  of 
self-induction.  The  ratio  of  the  counter  e.  m.  f.  of  self-induction  in 
a  coil,  or  circuit,  to  the  time  rate  of  change  of  the  inducing  current. 
(See  inductance.) 

Coefficient  of  Mutual  Inductance — ^The  ratio  of  the  electromotive 
force  induced  in  a  circuit  to  the  rate  of  change  of  the  inducing  cur- 
rent in  a  magnetically  associated  circuit. 

Coefficient  of  Self-Induction— That  ratio  in  any  circuit  of  the  flux 
induced  by  and  linked  with  a  current,  to  the  strength  of  that  current. 

Coil,  Electric — ^A  convolution,  or  turn,  of  insulated  wire  through 
which  an  electric  current  may  be  passed.  A  number  of  turns  of  wire, 
or  a  spool  of  wire,  through  which  an  electric  current  may  be  passed. 

Collector  Rings— The  metallic  rings  on  an  alternating  current  dy- 
namo, or  motor,  which  are  connected  to  the  armature  wires  and  over 
which  the  brushes  slide. 

Commutator — ^A  device  for  changing  the  direction  of  electric  cur- 
rents, usually  used  for  changing  alternating  into  continuous  currents. 
(See  alternating  current,  rectification  of.) 

Commutator  Segments — ^The  insulated  bars  composing  a  commu- 
tator. 

Compensated  Wattmeters— A  wattmeter  so  wound  as  to  be  com- 
pensated for  the  effect  of  reactance  in  its  potential  circuit. 

Components  of  Impedance — The  energy  component,  or  effective 
resistance,   and   the  wattless   component,   or  effective   reactance. 

Condenser— A  device  for  increasing  the  capacity  of  an  insulated 
conductor  by  bringing  it  near  another  earth-connected  conductor, 
but  separated  therefrom  by  any  medium  that  will  permit  electrostatic 
induction  to  take  place  through  its  mass. 
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Conductance— The  reciprocal  of  resistance.     G  = —  . 

R 

Conductivity,  Electric — The  reciprocal  of  electric  resistivity.  The 
conductance  of  a  substance  referred  to  unit  dimensions. 

Conductor — Any  substance  which  will  permit  the  so-called  passage 
of  an  electric  current. 

Conduit,  Electric — An  enclosed  space,  either  single  or  provided 
with  a  number  of  separate  spaces  called  ducts,  employed  for  the  re- 
ception of  electric  wires  or  cables. 

Connecting  Sleeve — A  metallic  sleeve  employed  as  a  connector  for 
readily  joining  the  ends  of  two  or  more  wires. 

Consequent  Pole— A  magnet  pole  formed  by  two  free  north  or  two 
free  south  poles  placed  together.  A  magnet  pole  developed  at  some 
point  of  a  magnet  other  than  its  extremities.    .(See  Figs.  15  and  16.) 
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Fig.  16. — ^Attraction  of  Iron  Filings  by  a 
Pig.  15. — Magnet  with  Consequent  Poles.  Magnet  with  Consequent  Poles. 

If  a  pole  of  a  strong  magnet  be  gradually  brought  up  to  a  like  pole 
of  a  weaker  magnet,  repulsion  will  take  place  when  they  are  within 
a  certain  distance  of  each  other;  but  if  the  distance  is  diminished  so 
that  the  two  magnets  are  close  together,  attraction  will  result;  from 
the  fact,  that  the  natural  polarity  of  the  weaker  magnet  has  been 
reversed.  This  is  sure  to  be  the  case  whenever  a  weak  magnetic 
needle  is  suddenly  placed  in  a  strong  magnetic  field,  wherein  the  lines 
of  force  are  flowing  in  the  opposite  direction  to  those  through  the 
needle,  and  the  needle  for  some  cause  is  not  free  to  instantly  turn 
round  so  as  to  set  its  polarity  in  the  same  direction  as  that  of  the 
field.  Great  care  should  therefore  be  taken,  not  to  subject  magnets 
or  needles  to  this  reversing  action.  In  other  cases,  again,  unlike 
poles,  or  what  are  termed  consequent  poles,  may  be  found  existing 
somewhere  along  its  length,  as  shown  in   Fig.   15.     In   either  case, 
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before  the  magnet  or  needle  can  be  effectively  made  use  of  again  for 
experimental  purposes  it  must  be  freshly  and  properly  magnetized. 

Consonance,  Electric— In  an  alternating  current  circuit  the  co- 
phasing  of  the  impressed  e.  m.  f.  with  the  primary  current,  due  to  the 
influence  of  capacity  on  an  inductively  associated  secondary  circuit. 
A  characteristic  of  a  circuit  in  which  the  capacity  and  the  inductance 
are  equal  and  opposite  in  effect. 

Conatant— Of  an  electrical  instrument  or  meter  is  that  quantity 
which  used  as  a  factor  with  indications  of  instruments,  or  readings  of 
3.  watt'hour  meter  register,  gives  results  in  the  desired  unit. 

A  quantity  used  in  a  formula,  the  value  of  which  remains  the  same, 
regardless  of  the  value  of  the  other  quantities  used  in  the  formula. 

Converter — A  secondary  generator  for  transforming  alternating 
sa,  consisting  of  an  alternating 
iding  is  connected  with  a  com- 
mutator; or  a  continuous  current  machine,  whose  armature  is  tapped 
al  symmetrical  points  and  connected  to  collector  rings;  so  that,  when 
the  armature  runs  it  is  an  alternator  on  one  side  and  a  continuous 
current  machine  on  the  other.     A  rotary  transformer. 

Corrosion,  Electrolytic— A  term  frequently  employed  for  the  corro- 
sion of  water,  or  gas  pipes,  or  other  masses  of  metal  buried  in  ihe 
earth  by  electrolytic  action. 

Coulomb — The  practical  unit  of  electric  quantity.  Such  a  quantity 
of  electricity  as  would  pass  in  one  second  through  a  circuit  convey- 
ing one  International  ampere. 

Coulomb'ineter — A  meter  for  measuring  in  coulombs,  the  quantity 
of  electricity  which  passes  through  any  circuit. 

Couple,  Thermo-Electric^— Two  dissimilar  metals  which  when  con- 
nected at  their  ends  only,  so  as  to  form  a  complete  electric  circuit, 
will  produce  a  difference  of  potential,  and  hence  an  eleci 
when  one  of  the  ends  is  heated  more  than  the  other. 


Couple,    Voltaic — Two    materials,    usually    two 
capable  of  acting  as  a  source  of  electricity  wher 
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electrolyte,  or  capable  of  producing  a  difference  of  electrical  poten- 
tial by  mere  contact  (Fig.  17). 

Cross,  Electric — A  connection,  generally  metallic,  accidentally  es- 
tablished between  two  conducting  lines.  A  defect  in  a  telegraph, 
telephone,  electric  power,  or  other  circuit,  caused  by  two  wires  com- 
ing into  contact  by  crossing  each  other. 

Current — ^This  word  and  also  the  word  "flow"  arose  from  a  mis- 
conceived analogy  between  the  electric  current  and  a  current  of  liquid 
in  a  tube.    This  term  will  be  used  in  its  accepted  sense. 

The  quantity  of  electricity  per  second,  which  passes  through  any 
conductor  or  circuit,  when  the  flow  is  uniform.  The  rate  at  which 
a  quantity  of  electricity  flows  or  passes  through  a  circuit.  The  ratio, 
expressed  in  terms  of  electric  quantity  per  second,  existing  between 
the  electromotive  force  causing  a  current  and  the  resistance  which 
opposes  it. 

The  unit  of  currents  or  the  ampere,  is  equal  to  one  coulomb  per 
second.     See  ampere,  and  coulomb. 

The  word  current  must  not  be  confounded  with  the  mere  act  of 
flowing;  electric  current  signifies  rate  of  flow,  and  always  supposes 
an  electromotive  force  to  produce  the  current,  and  a  resistance  to 
oppose  it. 

The  electric  current  is  assumed  to  flow  out  from  the  positive  ter- 
minal of  a  source,  through  the  circuit  and  back  into  the  source  at  the 
negative  terminal.  It  is  assumed  to  flow  into  the  positive  terminal 
of  an  electro-receptive  device  such  as  a  lamp,  motor,  or  storage  bat- 
tery, and  out  of  its  negative  terminal;  or,  in  other  words,  the  positive 
pole  of  the  source  is  always  connected  to  the  positive  terminal  of  the 
electro-receptive  device. 

The  current  that  flows  or  passes  in  any  circuit  is,  in  the  case  of  a 
continuous  current,  equal  to  the  electromotive  force,  or  difference  of 
potential,  divided  by  the  resistance,  as: 

E  ,  E 

I=-p    ;  for  alternating  current  I  ^^    7" 

The  flow  of  an  electric  current  may  vary  in  any  manner  whatsoever. 

A  current  which  continues  flowing  in  the  same  direction  no  matter 
how  its  strength  may  vary,  is  called  a  continuous  current,  or  some- 
times a  direct  current,  analogous  to  the  flow  of  a  river.  If  the 
strength  of  such  a  current  is  not  constant,  it  is  a  varying  continuous 
current.  A  regularly  varying  continuous  current  is  called  a  pulsatory 
or  pulsating  current,  analogous  to  the  flow  of  blood  in  the  veins.  A 
current  which  alternately  flows  in  opposite  directions,  no  matter  how 
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Its  strength  may  vary,  is  called  an  alternating  current.  This  may  be 
periodic  or  non-periodic. 

Current,  Alternating — See  alternating  current. 

Current,  Continuous— -An  electric  current  which  flows  in  one  and 
the  same  direction.     A  steady,  or  non-pulsating,  direct  current. 

Current,  Determination  of,  from  Wattage  Rating — ^The  rated  cur- 
rent may  be  determined  as  follows:  If  P  =  rating  in  watts,  or  appar- 
ent watts,  if  the  power-factor  be  other  than  100  per  cent,  and  E  = 
full-load  terminal  voltage,  the  rated  current  per  terminal  is: 

P.  . 

I=gin  a  continuous  current,  or  single-phase  apparatus. 

I  =  —y=-  gm  three-phase  apparatus. 

•  I  ^==  r  g  in  two-phase  four-wire  apparatus. 

Current,  Foucault — See  Foucault. 

Current  Strength — In  a  continuous  current  circuit  the  quotient  of 
the  total  electromotive  force  divided  by  the  total  resistance.  The 
time-rate-of-flow  in  a  circuit  expressed  in  amperes,  or  coulombs  per 
second.  In  an  alternating  current  the  quotient  of  the  total  electromo- 
tive force  divided  by  the  impedance. 

Current  Transformer — A  stationary  device  for  changing,  by  elec- 
tromagnetic induction,  the  strength  of  an  alternating  current  in  one 
circuit  to  a  strength  of  current  in  another  in  a  definite  ratio. 

Cut-Out— A  device  for  removing  an  electro-receptive  device,  or 
loop,  from  the  circuit  of  an  electric  source.    A  porcelain  fuse  block. 

Cycle— A  succession  of  events  which  periodically  recur,  reckoning 
from  any  stage  of  the  disturbance  to  the  moment  at  which  that  stage 
next  occurs.  A  complete  recurrence  of  any  periodic  change.  One 
complete  periodic  oscillation  of  an  alternating  current  wave.  Two 
alternations;  60  cycles  per  second  equals  120  alternating  per  second, 
or  7,200  per  minute. 

Damping  Magnet— Any  magnet  employed  for  the  purpose  of  check- 
ings the  motions  of  a  moving  body,  or  magnet. 

Damping  Suapension- A  suspension  which  is  rendered  dead-beat, 
or  aperiodic,  by  the  application  of  any  retarding  force  or  dampening 
mechanism. 

D'Arsonval  Galvanometer — ^The  class  of  galvanometers  in  which 
the  needle,  or  mirror,  is  attached  to  and  actuated  by  a  small  coil 
which  is  suspended  by  means  of  a  fine  wire  between  the  poles  of  a 
permanent  magnet.    The  axis  of  this  coil  is  normally  at  right  angles 
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with  the  lines  of  the  field.  Current  is  lead  into  the  coil  by  means  of 
the  small  suspension  wire  and  leaves  the  coil  by  a  flexible  wire  usu- 
ally in  the  form  of  a  helical  spring  attached  underneath  the  coil. 

Dead-Beat  Galvanometer — An  aperiodic  galvanometer,  or  one 
whose  needle  comes  quickly  to  rest  instead  of  repeatedly  swinging 
to-and-fro.    A  heavily  damped  galvanometer. 

Dead  Ground  or  Grounding — Such  a  grounding  as  will  ensure  a 
ground  of  negligible  resistance. 

Delta  Connection— The  connection  of  circuits  employed  in  a  delta 
three-phase  system. 

Delta  Three-phase  System — A  three-phase  system  in  which  the  ter- 
minal connections  resemble  the  Greek  letter  delta,  or  a  triangle. 

Demand^Demand  is  a  load  specified,  contracted  for  or  used,  ex- 
pressed in  terms  of  power. 

Demand  Factor — Unless  otherwise  specified,  demand  factor  shall 
be  the  maximum  connected  kilowatts  of  capacity  divided  into  the 
actual  kilowatts  of  demand,  and  expressed  in  terms  of  per  cent.  See 
maximum  demand.     See  instantaneous  peak. 

Density  of  Current — The  quantity  of  current  that  passes  per  unit 
of  area  of  cross  section  in  any  part  of  a  circuit. 

Density  of  Field — The  quantity  of  magnetic  flux  that  passes 
through  any  field  per  unit  of  area  of  cross  section. 

Detector  Galvanometer — Any  rough  form  of  galvanometer,  or  gal- 
vanoscope,  employed  for  detecting  the  presence  of  electric  currents. 

Diamagnetic— The  property  possessed  by  substances  like  bismuth, 
phosphorus,  antimony,  zinc  and  others,  of  being  apparently  repelled 
when  placed  between  the  poles  of  powerful  magnets. 

Dielectric — Any  substance  which  permits  electrostatic  induction  to 
take  place  through  its  mass. 

The  substance  which  separates  the  opposite  coatings  of  a  condenser 
is  called  the  dielectric.    All  dielectrics  are  non-conductors. 

All  non-conductors,  or  insulators,  are  dielectrics  but  their  dielectric 
power  is  not  exactly  proportional  to  their  non-conductive  power. 

Substances  differ  greatly  in  the  degree  or  extent  to  which  they 
permit  induction  to  take  place  through  or  across  them.  Thus,  a  cer- 
tain amount  of  inductive  action  takes  place  between  the  insulated 
metal  plates  of  a  condenser  across  the  layer  of  air  between  them. 

A  dielectric  may  be  regarded  as  pervious  to  rapidly  reversed  peri- 
odic currents,  but  opaque  to  continuous  currents.  There  is,  however, 
some  slight  conduction  of  continuous  currents. 

Dielectric  Capacity — A  term  employed  in  the  same  sense  as  specific 
inductive  capacity. 
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Dielectric  Hysteresis— A  variety  of  molecular  friction,  analogous  to 
magnetic  hysteresis  produced  in  a  dielectric  under  charges  of  electro- 
static stress.  That  property  of  a  dielectric  by  virtue  of  which  energy 
is  consumed  in  reversals  of  electrification. 

Dielectric  Strain — The  strained  condition  of  glass  or  other  dielec- 
tric of  a  condenser  produced  by  the  charging  of  the  condenser.  The 
deformation  of  a  dielectric  under  the  influence  of  an  electromagnetic 
stress. 

Differential  Galvanometer — A  galvanometer  containing  two  coils, 
so  wound  as  to  tend  to  deflect  its  needle  in  opposite  directions. 

Dipping  Magnetic  Needle — ^A  magnetic  needle  suspended  so  as  to 
be  free  to  move  in  a  vertical  plane  only,  and  employed  to  determine 
the  angle  of  dip  or  magnetic  inclination.    An  inclination  compass. 

Direct  Current — A  current  whose  direction  is  constant,  as  distin- 
guished from  an  alternating  current.  A  unidirectional  current.  It 
embraces  both  pulsating  and  continuous  current.  Erroneously  ap- 
plied to  continuous  current  only. 

Drop— A  word  frequently  used  for  drop  of  potential,  or  electro- 
motive force.  The  fall  of  potential  which  takes  place  in  an  active 
conductor. 

Drum  Armature— An  armature  whose  coils  are  wound  longitudi- 
nally over  the  surface  of  a  cylinder  or  drum. 

Dry  Voltaic  Cell — A  misnomer  for  a  voltaic  cell  in  which  the  fluid 
electrolyte  is  held  in  suspension  by  sawdust,  gelatine,  or  other  suit- 
able material.  A  sealed  voltaic  cell,  which  can,  therefore,  be  inverted 
without  danger  of  spilling  liquid. 

Dynamic    Electricity,    Electrodynamics — A    term    sometimes    em- 
ployed for  current  electricity,  in  contradistinction  to  static  electricity. 
Dynamo-^A   rotating  machine   for   the   conversion    of   mechanical 
energy  into  continuous  current  electrical  energy  by  means  of  electric 
dynamic   induction. 

Earth  Plates,  Ground  Plates — Plates  of  metal,  buried  in  the  earth 
or  in  water  arranged  to  be  connected  to  electric  wires  for  the  pur- 
pose of  grounding  the  circuit. 

Earth  Return— That  portion  of  a  grounded  circuit  in  which  the 
earth  forms  a  conducting  path. 

Earth's  Field — ^The  magnetic  field  produced  in  any  place  by  the 
earth's  flux. 

Earth's  Flux — ^The  magnetic  flux  produced  by  the  earth  by  virtue 
of  its  magnetized  condition. 

Eddy  Current — Currents  produced  in  the  pole-pieces,  armature, 
and  field  magnet  cores  of  dynamos,  or  motors,  or  in  metallic  masses 
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generally,  by  either  their  motion,  through  magnetic  flux,  or  by  varia- 
tions in  the  strength  of  electric  currents  flowing  near  them. 

EfiFective  Value— The  square  root  of  the  mean  squared  value  of 
any  harmonic  wave  is  called  the  effective  value  of  that  wave.  When 
the  graph  of  the  wave  is  drawn  the  effective  value  can  be  determined 
by  applying  the  above  definition.  Example:  Divide  one-half  of  the 
cycle  into  ten  equal  parts,  square  the  ordinates  which  bisect  the 
lengrths  of  the  abscissae  between  the  choseii  points,  and  by  extracting 
the  square  root  of  the  average  of  the  squared  values  the  effective 
value  is  found.  For  sinusoidal  waves  the  above  computation  is  not 
necessary,  since  the  effective  value  may  be  found  by  dividing  the 
maximum  value  by  the  square  root  of  two.  The  proof  of  this  is  as 
follows: 

Let  Oa,  Fig.  i8,  represent  the  maximum  value  of  the  sine  wave. 

ab 
Now  sin  <*  =  —  by  definition. 


Squaring,  sin*  a  = 


Oa 

ab' 

o7 


Ob 

Also  cos  «= —  by  definition. 

Oa 

,    __0b« 
Squaring,  cos  a 

Oa' 

By  elementary  principles  of  trigonometry, 

sin*  a  -f  cos*  o=i (l) 

Substituting  in  (i) 

ab*       Ob*  ^  ab*  +  Ob*  _  Oa*  _ 

6a*  "^  oT* "      O^*     ""  oT'"" 

Since  the  line  Oa  revolves,  thus  generating  the  sine  wave,  the  sine 
varies  from  O  to  Oa  and  the  cosine  varies  from  Oc  =  Oa  to  O,  so  that 
the  sine  and  cosine  pass  through  the  same  values  and  therefore  the  aver- 
age of  the  squares  of  the  sine  and  cosine  must  be  equal. 

Hence,  since  sin* «  +  cos*  a  =  i 
also  av.  sin'  a  -f-  av.  cos*  o  =  i 

then  must 

2  av.  sin*  o  =3  I 

or 

av.  sin'  o  =  * 
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ihat  is,  the  effective  or  square- root-of-mean- square  value  is  equal  to  the 
maximum  value  multiplied  by  ~T-  or  .707. 
In  the  same  way  it  can  be  shown  that  if  E  is  the  niaximum  value,  (he 

average  value  is   or  .636  E.     Oiagrammatically  this  is  shown  in 

Fig.  19. 


age  valtie. 


:    waves    the    effec 


II,    multiplied    by    the 


I 
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Electricity  Meter— An  apparatus  used  for  the  purpose  of  measur- 
ing the  quantity  of  electricity.  Attention  is  called  to  the  difference  be- 
tween **  meter  "  and  "  instrument"  The  latter  term  is  used  to  designate 
that  type  of  apparatus  which  indicates,  i.  e.,  a  meter  measures  and  an 
instrument  indicates. 

Electrification — The  production  of  an  electric  charge. 

Electrochemical — Of  or  pertaining  to,  electrochemistry. 

Electrochemistry — ^That  branch  of  electrical  science  which  treats 
of  chemical  combinations  and  decompositions  effected  by  the  electric 
current.  The  science  which  treats  of  the  relation  between  the  laws 
of  electricity  and  chemistry. 

Electrode — Either  of  the  terminals  of  an  electric  source.  Either 
of  the  terminals  of  an  electric  source  that  are  placed  in  a  solution  in 
which  electrolysis  is  taking  place. 

Electrolysis — Chemical  decomposition  effected  by  means  of  an  elec- 
tric current.  The  decomposition  of  the  molecule  of  an  electrolyte  into  its 
ions  or  radicals.    Electrolytic  decomposition. 

Electrolyte— Any  compound  liquid  which  is  separable  into  its  con- 
stituent ions  or  radicals  by  the  passage  of  electricity  through  it.  The 
exciting  liquid  in  a  voltaic  cell. 

Electromagnet — ^A  mass  of  iron  which  is  magnetized  by  current 
through  a  coil  of  wire  wound  around  the  mass  but  insulated  therefrom. 

Electromagnetic  Units — A  system  of  CGS  units  employed  in  elec- 
tromagnet measurements.  Units  based  on  the  attraction  and  repulsions 
capable  of  being  exerted  between  two  unit  magnetic  poles  at  unit  dis- 
tance apart,  or  between  a  unit  magnetic  pole  and  a  unit  electric 
current. 

Electrometer — An  apparatus  for  measuring  differences  of  electric 
I)otential  or  voltage. 

Electron — ^A  word  formerly  used  for  amber.  The  electric  atoms 
whose  projection  from  the  cathode  of  a  high- vacuum  tube  is  supposed 
to  constitute  the  cathode  rays  or  streamings. 

Electroscope — An  apparatus  for  showing  the  presence  of  an  elec- 
tric charge,  or  determining  its  character,  whether  positive  or  negative, 
but  not  for  measuring  its  amount  or  value. 

Electrostatic  Capacity — The  quantity  of  electricity  which  must  be 
imparted  to  a  given  conductor  as  a  charge,  in  order  to  raise  its  potential 
to  unity,  all  neighboring  conductors  being  at  zero  potential. 

Electrostatic  Field — Lines  of  force  produced  in  the  neighborhood 
of  a  charged  body,  by  the  presence  of  the  charge.  Lines  extending  in 
the  direction  in  which  the  force  of  electrostatic  attraction  or  repulsion 
acts. 


TERMINOLOGY,   NOMENCLATURE  AND    UNITS 


43 


Electrostatic  Potential — The  power  of  doing  electric  work  pos- 
sessed by  a  unit  quantity  of  positive  electricity  residing  on  the  surface 
of  an  insulated  body.  That  property  in  space  by  virtue  of  which  work 
is  done  when  an  electric  charge  is  moved  therein. 

Energy  Component  of  Current — In  an  alternating  current  circuit, 
the  component  of  current  which  is  in  phase  with  the  impressed  e.  m.  f. 
In  an  alternating  current  circuit,  the  product  of  the  e.  m.  f.  and  the 
effective  conductance. 

Energy  Component  of  e.  m.  f. — In  an  alternating  current  circuit  the 
component  of  e.  m.  f.  which  is  in  phase  with  the  current.  In  an  alternating 
current  circuit,  the  product  of  the  e.  m.  f.  and  the  effective  resistance. 

Farad — The  practical  unit  of  electric  capacity.  Such  a  capacity  of 
a  conductor,  or  condenser,  that  one  International  coulomb  of  elec- 
tricity is  required  to  produce  therein  a  difference  of  potential  of  one 
International  volt. 

Faraday's  Experiments — ^The  experiments  on  induced  currents 
made  by  Faraday  were  the  following:   A  coil  of  wire  forms  a  closed 


Pic.  20. — ^Faraday's  Bxperiments  on 
Induced  Corrents. 


Fig.  21. — Arago's  Rotation  Experiment. 


circuit  through  a  sensitive  galvanometer.  When  the  pole  of  a  magnet 
is  brought  up  to  the  end  of  the  coil,  a  momentary  current  is  induced  in  the 
coil,  and  the  galvanometer  needle  is  deflected.     When   the  magnet  pole 
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is  removed,  a  momentary  current  is  again  induced,  but  in  the  opposite 
direction  to  that  upon  approach.  The  following  facts  may  be  noted : 
(a)  The  essential  motion  is  relative,  that  is,  moving  the  coil  to  or  from 
the  magnet  produces  the  same  effect  as  moving  the  magnet;  (b)  the 
current  lasts  only  during  the  time  of  motion;  when  the  magnet  and  coil 
are  relatively  at  rest,  there  is  no  induced  current;  (c)  bringing  up  a 
north  pole  to  a  coil  induces  a  current  anti-clockwise  as  seen  from  the 
pole;  that  is,  the  induced  current  makes  this  face  a  north  face.  Thus 
the  approaching  north  pole  is  repelled  by  the  magnetic  action  of  the 
induced  current.  Removing  the  north  pole  induces  a  clockwise  current, 
that  is,  makes  the  coil  face  a  south  face.  Thus  the  north  pole  is  attracted 
as  it  is  removed.  An  approaching  south  pole  induces  a  current  in  the 
sam#  direction  as  a  receding  north  pole,  and  vice  versa.  Or  in  general 
the  magnetic  action  of  the  induced  current  opposes  the  motion  of  the 
magnet.  This  is  evidently  a  case  of  action  and  reaction.  If  the  approach- 
ing magnet  were  attracted  by  the  induced  current,  it  would  require  no 
work  to  bring  the  magnet  up,  and  an  electric  current,  which  represents 
energy,  would  be  generated,  without  the  expenditure  of  work  (Fig.  20). 

Field — A  term  sometimes  used  for  a  magnetic  field.  A  term  some- 
times used  for  electrostatic  field. 

Field,  Electrostatic — ^The  region  of  electrostatic  influence  surround- 
ing a  charged  body. 

Field,  Magnetic— The  region  of  magnetic  influence  surrounding  the 
poles  of  a  magnet. 

Field  Magnets — ^The  magnets  which  produce  the  magnetic  field,  or 
flux,  in  which  the  armature  of  a  dynamo,  motor,  or  meter  rotates. 

Field  of  Force — The  space  traversed  by  electrostatic  or  magnetic 
flux.    An  electrostatic  or  magnetic  field. 

Flux  Density — The  quantity  of  flux  per  unit  of  area  per  normal 
cross-section. 

Foucault  or  Eddy  Currents — It  was  observed  a  number  of  years 
before  Faraday's  discovery  of  induced  currents,  that  a  vibrating  magnetic 
needle  quickly  came  to  rest  when  near  or  over  a  copper  plate.  Arago 
had  in  1824  also  shown  that  a  magnetic  needle  suspended  over  a  rotating 
copper  disk  rotates  with  the  disk  (Fig.  21).  Both  the  damping  of  the 
needle  and  Arago's  disk  experiment  were  explained  by  Faraday  as 
phenomena  of  electromagnetic  induction.  The  relative  motion  of 
the  magnet  and  the  disk  induces  an  e.  m.  f.  in  the  metal  disk.  The 
current  thus  generated  circulates  in  the  disk,  producing  a  magnetic 
action,  which  by  L^nz's  law  tends  to  hold  the  magnet  at  rest  rela- 
tive to  the  disk  or  plate. 

Electric  currents,  thus  induced  and  circulating  in  a  metallic  mass,  are 
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called  eddy  currents  or  Foucault  currents.     The  energy  of  sucli  ciirr< 

'    is  dissipated  in  heat.     The  iron  cores  of  armatures  of  dynamo  niachi 

and  transformers  are  always  laminated   so  as  to  offer   infir 


3  Stop  the  heat  losses  (Figs. 


lo  the  formation  of  such  currents,  and  thus  ti 
22  and  33). 

Frequency  of  Alternation— The  number  of  cycles  or  periods  ex- 
ecuted by  an  alternating  current  in  unit  time.  The  periodicity.  The  two 
standard  frequencies  are  now  25  and  60  cycles  per  second. 

Frictional  Electricity — The  electricity  developed  by  friction. 

Fundamental  Frequency — The  nominal  or  lowest  frequency  of  a 
complex  harmonic  electromotive  force,  flux  or  current. 

Fundamental  Units — ^The  units  of  length,  time  and  mass,  to  which 
all  other  quantities  can  be  referred.  Units  of  length,  time  and  mass, 
as  distinguished  from  their  derivations  or  derived  units.  The  funda- 
mental electrical  units  are  the  volt,  ampere  and  ohm. 

PuM,  Electric — A  conductor  designed  to  melt  or  fuse  at  a  certain 
value  of  current  and  time  and  by  so  doing  to  rupture  the  circuit. 

Galvanometer — An  apparatus  for  measuring  the  strength  of  an 
electric  current  by  the  deflection  of  a  magnetic  needle.    A  current  meas- 

The  galvanometer  depends  for  its  operation  upon  the  fact  that  a  con- 
ductor, through  which  an  electric  current  is  nowing,  will  deflect  a  mag- 
netic needle  placed  near  it.  This  deflection  is  due  to  the  magnetic  held 
caused  by  the  current. 

The  needle  is  deflected  by  the  current  from  a  position  of  rest,  either  in 
the  earth's  magnetic  field  or  in  a  field  obtained  from  a  permanent  or  elec- 
tromagnet In  the  6r5t  case,  when  in  use  to  measure  a  current,  the 
plane  of  the  galvanometer  coils  must  coincide  with  the  planes  of  the  mag- 
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netic  meridian.     In  the  other  case,  the  instrument  may  be  used  in  any 
position  in  which  the  needle  is  free  to  move. 

Galvanometers  assunie  a  variety  of  forms  according  either  to  the  pur- 
poses  for  which  they  are  employed,  or  to  the  manner  in   which  their 


Fig.  24. — Oersted's  Single-turn 
Galvanometer. 


Pig.  35. — Diagram  showing  Augmented  Action 
by  Multiplication  of  Turns. 


deflections  are  valued  (Figs.  24  and  25).  (See  astatic  galvanometer  and 
ammeter). 

Galvanometer  Constant — ^The  constant  of  calibration  of  the  gal- 
vanometer scale.  The  numerical  factor  connecting  a  current  passing 
through  a  galvanometer  with  the  deflection  produced  by  such  cur- 
rent. The  value  of  one  division  of  the  galvanometer  scale  in  terms 
of  current  strength. 

Galvanometer  Shunt— A  shunt  placed  around  a  sensitive  galvano- 
cter  in  order  to  protect  it  from  the  effects  of  a  strong  current,  or  for 
reducing  its  sensibility. 

Galvanoscope— A  galvanometer  intending  to  show  the  existence  of 
a  current  rather  than  to  measure  its  strength.  A  crude  or  simple  form  of 
galvanometer. 

Gauss — ^The  name  proposed  in  1894  by  the  American  Institute  of 
Electrical  Engineers  for  the  cg.s,  unit  of  magnetic  flux  density.  A  unit 
of  intensity  of  magnetic  flux,  equal  to  one  cg.s.  unit  of  magnetic  flux  per 
square  centimeter  of  area  of  normal  cross  section.  A  name  proposed 
for  the  cg.s.  unit  of  magnetic  potential  or  magnetomotive  force  by  the 
British  Association  in  1895. 

Generator— A  dynamoelectric  machine.  One  which  transforms  me- 
chanical into  electrical  power.     (See  Alternator;  sec  Dynamo.) 

Gilbert — A  name  proposed  for  the  cg.s.  unit  of  magneto  motive 

force.     A  unit  of  magnetomotive  force  equal  to  that  produced  by  

of  one  ampere-turn.  1.2566 

Gradient,  Electric — The  rapidity  of  increase  or  decrease  of  the 
strength  of  an  electromotive  force  or  current. 
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Gram — ^A  unit  of  mass  equal  to  15.43235  grains.  The  mass  of  a 
cubic  centimeter  of  water  at  the  temperature  of  its  maximum  density. 

Ground — A  general  term  for  the  connection  of  a  conductor  to  the 
earth. 

Ground,  Effect  of — On  neutral  point  of  three-phase,  three-wire 
system. 

Consider  a  general  case.  A  lightning  stroke  disables  some  apparatus  so 
that  inductive  reactance  is  introduced  in  the  accidental  ground.  Before 
the  accident  there  was  a  perfectly  balanced  system,  where  the  neutral, 
or  ground  potential,  is  symmetrical  in  reference  to  the  line  conductors 
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Pig.  a6. 


Pig.  27. 


Pig.  28. 


and  governed  entirely  by  the  ground  capacities  represented  in  Fig.  26  as 
three  condensers.  If,  now,  one  line  is  grounded  through  an  impedance, 
the  neutral  will  be  displaced  along  line  AB. 

The  conditions  are  then: 

First,    Ground  made  by  infinite  reactance.     (No  ground.)     We  have 

2  I 

then  X  =  00  Ci  =  —  and  e*  =  — when  ei  is  the  voltage  from  one  wire  to 

3©  3e 

the  neutral  of  a  balanced  system  and  ea  is  the  voltage  from  the  neutral 

of  the  balanced  system  to  a  point  midway  between  the  other  two  wires 

and  X  is  the  condensive  reactance ;  .that  is,  in  Fig.  27,  the  neutral  lies  at 

O,  and  the  ground  is  symmetrical  in  reference  to  the  three  lines. 

Second,  when  ea  =  0,  and  ei  =  e  (shown  in  Fig.  28). 

In  this  case  the  neutral  lies  midway  between  the  other  two  conductors, 
and  its  potential  difference  to  ground  is  .Sye, 

Third,  when  Ci  and  e«  both  become  infinite,  under  such  condition,  the 
system  would  be  subjected  to  infinite  potential. 

The  third  condition  arises  if  one  line  is  grounded  by  a  reactance  of  h 
of  the  condensive  reactance,  the  system  then  being  subjected  to  very  great 
stresses,  even  at  normal  frequency. 

Ground  Circuit— A  circuit  in  which  the  ground  forms  part  of  the 
path  through  which  the  current  passes. 
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Ground-return — A  general  term  used  to  indicate  the  use  of  the 
ground,  or  earth,  for  part  of  an  electric  circuit.  The  earth,  or  ground, 
which  forms  part  of  the  return  path  of  an  electric  circuit. 

Ground-wire — The  wire,  or  conductor,  leading  to,  or  connected 
with,  the  ground,  or  earth,  in  a  grounded  circuit. 

Harmonic  Currents — Periodically  alternating  currents  varying  har- 
monicaUy.  Currents  which  are  harmonic  functions  of  time.  Sinusoidal 
currents. 

In  modern  alternators  an  endeavor  is  made  to  shape  the  magnetic  cir- 
cuit so  that  the  e.  m.  f.  is  a  sine  wave,  nevertheless,  a  triple  harmonic  of 
some  magnitude  usually  exists  in  the  e.  m.  f.  wave  of  single-phase  alter- 
nators, and  in  each  of  the  individual  phases  of  a  polyphase  generator. 

The  e.  m.  f.  between  two  terminals  of  a  three-phase  generator  does, 
however,  not  contain  any  triple  harmonic  for  the  following  reasons:  Con- 


A 


a  0 


Pig.  29. — Relations  of  the  Pimdamental  e.m.f . 
and  Triple  Harmonics  in  a  Delta  Connected 
Circxiit. 


Pig.  30. — Relation  of  the  Pundamental  e.m.f . 
and  Triple  Harmonics  in  a  Star  Connected 
Circuit. 


sider  first  in  Fig.  29  a  delta-connected  three-phase  generator,  in  each 
phase  of  which  is  a  prominent  triple  harmonic;  a,  b  and  c  represent  the 
three  e.  m.  fs.  as  displaced  T20  degrees.     It  is  seen  that  the  three  triple 
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harmonics  are  in  phase,  thus  the  machine  is  really  running  under  short 
circuit  as  far  as  the  triple  harmonic  is  concerned.     A  triple  frequency 
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Fig.  31. 

current  will  be  established,  which  will  consume  the  e.  m.  f.,  which,  there- 
fore, will  not  appear  in  the  terminal  e.  m.  f. 


Pig.  32. 

The  triple  harmonic  current  will,  however,  set  up  an  armature  reac- 
tion which  will  distort  the  field  magnetism  and  thereby  cause  a  fifth  and 
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seventh  harmonic.  With  star  connection  the  terminal  e.m.f.  is  the  result- 
ant of  two  e.  m.  fs.,  OA  and  OB  in  Fig.  30.  Referring  to  Fig.  30,  we  see 
that  again  OA,  OB  and  OC,  the  individual  e.  m.  fs.,  are  displaced  120 
degrees.  The  e.  m.  f.  between  A  and  B  is  the  resultant  OA  and  OB,  thus 
OA-OB  (the  minus  sign  on  account  of  the  direction).  In  a  are  given 
the  e.  m.  fs.  in  OAy  in  b  are  given  the  e.  m.  f s.  of  OB;  and  their  re- 
sultant (with  OB  reversed)  is  c.  The  triple  harmonic  again  has  disap- 
peared, but  the  fundamental  is  larger  than  in  the  individual  phases.  In 
the  e.  m.  f.  against  the  neutral  or  ground  the  triple  harmonic  exists ; 
therefore,   the   charging   current   against   ground    will   be   of   triple    fre- 
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Pig.  33- 

quency  and  any  multiple  thereof,  if  permitted  to  exist,  that  is,  if  the 
generator  neutral  is  grounded. 

The  transformers  are  a  source  of  triple  harmonics  e.  m.  f.  or  current, 
but  this  can  also  be  eliminated  if  one  side  of  the  transformers  is  delta- 
connected,  as  should  always  be  the  case. 

In  general,  it  can  be  said  that  the  triple  harmonics  should  give  no 
difficulties  in  a  three-phase  transmission ;  it  need  not  exist. 

Harmonics,  Effects  of  Higher — To  elucidate  the  variation  in  the 
shape  of  alternating  waves  caused  by  various  harmonics,  in  Fig.  31,  Fig. 
^2.  Fig.  33  and  Fig.  34  are  shown  the  wave  forms  produced  by  the  super- 
imposition  of  the  double,  triple  and  the  quintuple  harmonic  upon  the 
fundamental  sine  wave. 

In  Fig.  35  is  shown  the  fundamental  sine  wave  and  the  complex  waves 
produced  by  the  superimposition  of  a  triple  harmonic  of  30  per  cent  the 
amplitude  of  the  fundamental,  under  the  relative  phase  displacements 
of  o,  45,  90,  13s  and  180  degrees. 


TERMINOLOGY,   NOMENCLATURE  AND    UNITS 


SI 


As  seen,  the  eflFect  of  the  triple  harmonic  is  in  the  first  figure  to  flatten 
the  zero  values  and  point  the  maximum  values  of  the  wave,  giving  what 
is  called  a  peaked  wave.  With  increasing  phase  displacement  of  the 
triple  harmonic,  the  flat  zero  rises  and  gradually  changes  to  a  second 
peak,  giving  ultimately  a  flat-top  or  even  double-peaked  wave  with  sharp 
zero.  The  intermediate  positions  represent  what  is  called  a  saw-tooth 
wave. 

The  quintuple  harmonic  causes  a  flat-topped  or  even  double-peaked  wave 
with  flat  zero.    With  increasing  phase  displacement,  the  wave  becomes  of 


Fig.  34. 


the  type  called  saw-tooth  wave  also.  The  flat  zero  rises  and  becomes  a 
third  peak,  while  of  the  two  former  peaks,  one  rises,  the  other  decreases, 
and  the  wave  gradually  changes  to  a  triple-peaked  wave  with  one  main 
peak,  and  a  sharp  zero. 

As  seen,  with  the  triple  harmonic,  flat-top  or  double-peak  coincides  with 
sharp  zero,  while  the  quintuple  harmonic  flat-top  or  double-peak  coincides 
with  flat  zero. 

Sharp  peak  coincides  with  flat  zero  in  the  triple,  with  sharp  zero  in 
the  quintuple  harmonic.     With  the  triple  harmonic,  the  saw-tooth  shape 
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appearing  in  case  of  a  phase  difference  between  the  fundamental  and  har- 
monic is  single,  while  with  the  quintuple  harmonic  it  is  double. 

Thus  in  general,  from  simple  inspection  of  the  wave  shape,  the  exist- 
ence of  these  first  harmonics  can  be  discovered.  Some  characteristic 
shapes  are  shown  in  Fig.  36. 
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Fig.  35. — Various  Distortions  of  the  Fundamental  Wave  by  Triple  Harmonic  in  Different 

Phase  Relation  to  the  Fundamental. 

Henry — The  practical  unit  of  self-induction.  An  earth-quadrant, 
or  10  centimeters. 

The  value  of  the  henry  as  adopted  by  the  International  Electrical 
Congress  of  1893,  at  Chicago,  is  that  value  of  the  induction  in  a  circuit,, 
when  the  electromotive  force  induced  in  the  circuit  is  one  International 
volt,  and  the  inducing  current  varies  at  the  rate  of  one  ampere  per  second. 
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Horse  Power— A  commercial   unit  of  power,  activity,  or  rate   of 
doings  work.     A  rate  of  doing  work  equal  to  33,000  pounds  raised 
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Pig.  36. — Various  Distortions  of  the  Fundamental  Wave  by  Triple  and  Quintuple  Harmonics 

qI  Characteristics  given  Below: 

1.  15%      3rd,  ♦=     o  10%  sth,  ♦=     o 

2.  2aH%  3rd,  •=i8o  5%  Sth,  ♦=i8o 
3.15%  3rd,  ♦=  180  io%sth,  ♦=  o 
4.15%      3rd,  ♦=     o  10%  sth,  ♦=  180 

one  foot  per  minute,  or  550  pounds  raised  one  foot  per  second. 
A  rate  of  doing  work  equal  to  4,562  kilograms  raised  one  meter 
per  minute.    Such  a  rate  of  doing  electrical  work  as  is  equal  to  746 
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watts,  or  746  volt-coulombs  per  second.  The  horse  power-hour  is  a 
unit  of  work  equal  to  the  work  done  by  one  horse  power  acting  for  an 
hours  =  1,980,000  foot-pounds. 

The  horse  power  ahd  horse  power-hour  are  equal  to  746  watts  and 
watt-hours,  respectively.  Based  on  this  relation,  the  horse  power 
may  be  said  to  be  approximately  I  of  a  kilowatt,  or  conversely,  a 
kilowatt   is  equal  to  approximately   ij  horse  power. 

Hot  Wire  Measuring  Instrument — ^The  expansion  of  a  conductor, 
owing  to  the  heating  effect  of  an  electric  current  passed  through  it,  is 
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Pig.  37. — Hot-wire  Type  of  Indicating  Instrument. 

made  use  of  in  some  instruments  to  measure  current  strength.  Suppose, 
for  example,  between  the  points  A  and  B  in  an  instrument,  Fig.  ^y,  a 
fine  wire  is  fastened  of  such  a  length  as  to  equal  AB  when  quite  cold. 
At  the  middle  of  the  wire  O  is  fixed  a  light  thread  extending  in  both 
directions  perpendicular  to  the  wire.  On  one  side  it  is  drawn  taut  by  a 
spring  fixed  at  C.  In  the  other  direction  the  thread  is  passed  a  couple 
of  times  around  a  small  drum,  to  which  is  attached  an  indicator  mov- 
ing over  a  graduated  scale,  and  is  then  attached  to  another  spring  of 
somewhat  less  tension  than  the  former.  From  the  description  the  action 
is  clear.  If  a  current  passes,  the  wire  is  heated  and  expands,  the  slack 
being  taken  up  by  the  spring  OC.  The  motion  of  O  will  cause  the  drum 
and  indicator  to  rotate,  the  amplitude  of  the  motion  depending  on  the  rise 
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in  temperature  caused  by  the  current.  If  there  were  no  losses  this  would 
depend  on  the  square  of  current  strength.  In  practice,  however,  the  scale 
is  empirically '  graduated  by  the  comparison  of  the  instrument  with  a 
standard.  As  in  this  instrument  the  resistance  is  often  very  high,  owing 
to  the  fineness  of  the  wire,  it  is  usually  designed  as  a  voltmeter  rather 
than  as  an  ammeter. 

'  Hysteresis — ^A  lagging  behind  of  magnetization  relatively  to  mag- 
netizing force.  Apparent  molecular  friction  due  to  magnetic. change  of 
stress.  A  retardization  of  the  magnetizing  or  demagnetizing  effects  as 
regards  the  causes  which  produce  them.  The  quality  of  a  paramagnetic 
substance  by  virtue  of  which  energy  is  dissipated  on  the  reversal  of  its 
magnetization. 

Hysteretic  Lag — ^The  lag  in  the  magnetization  of  a  transformer  due 
to  hysteresis. 

Impedance— Generally,  opposition  to  current  flow.  In  a  simple- 
harmonic  current  circuit  the  square  root  of  the  sum  of  the  squares  of  the 
resistance  and  reactance.  The  apparent  resistance  of  a  circuit  containing 
both  resistance  and  reactance.     (See  Alternating  Currents.) 

Impedance  Circuit— A  circuit  containing  impedance. 

Impedance  Coil— An  inductance,  reactance,  or  choking  coil.  A  coil 
placed  in  a  circuit,  for  the  purpose  of  preventing  an  impulsive  current 
rush  in  that  circuit,  by  means  of  the  counter-electromotive  force  developed 
in  the  coil  on-  being  magnetized. 

Impressed  Electromotive  Force — ^The  electromotive  force  brought 
to  act  in  any  circuit  to  produce  a  current  therein.  An  applied  e.  m.  f. 
as  distinguished  from  a  resultant,  active,  or  wattless  e.  m.  f. 

Induced  Current— When,  by  any  means  whatever,  the  total  num- 
ber of  lines  of  force  passing  through  any  circuit  is  changed,  an  electric 
current  is  produced  in  that  circuit.  Such  a  current  is  called  an  induced 
current. 

Induced  Electromotive  Forces — Electromotive  forces  set  up  by 
electrodynamic   induction. 

Inductance — ^The  capacity  for  induction  possessed  by  an  active  cir- 
cuit on  itself,  or  on  neighboring  circuits.  Self-induction.  That  property, 
in  virtue  of  which  a  finite  electromotive  force  impressed  on  a  circuit 
does  not  immediately  generate  the  full  current  due  to  the  resistance  of 
the  circuit,  and  which,  when  the  electromotive  force  is  withdrawn,  re- 
quires a  finite  time  for  the  current  strength  to  fall  to  its  zero  value.  A 
property,  by  virtue  of  which  the  passage  of  an  electric  current  is  neces- 
sarily accompanied  by  the  absorption  of  electric  energy  in  producing  a 
magnetic  field.  A  constant  quantity  in  a  coil  devoid  of  iron  depending 
only  upon  its  geometrical  arrangement,  and  usually  expressed  in  henrys. 
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and  equal  to    = where  R  is  the  radius  of  the  coil,  L  the  length 

and  N  the  number  of  turns. 

Induction,  Mutual — Induction  produced  by  two  neighboring  cir- 
cuits on  each  other  by  the  mutual  interaction  of  their  magnetic  fields. 

Induction,  Self— Induction  produced  on  a  circuit  at  the  moment  of 
starting,  or  stopping,  the  currents  therein  by  the  induction  of  the 
current  op  itself. 

Inductive  Circuit»^Circuits  containing  certain  types  of  apparatus 
and  known  as  inductive  circuits  have  the  property  of  storing  up  a  part 
of  the  energy  supplied  to  the  circuit  during  a  part  of  each  cycle,  and 
restoring  this  energy  to  the  source  during  the  remainder  of  the  cycle. 
This  causes  the  reversal  of  current  to  take  place  at  an  earlier  or  a  later 
instant  than  the  reversal  of  voltage,  the  current  being  known  then  as  a 
leading  or  lagging  current  During  the  time  when  energy  is  being 
delivered  to  the  circuit,  the  product  of  voltage  and  current  is  positive; 
that  is,  the  voltage  and  the  current  have  the  same  sign.  When  either 
voltage  or  current  is  reversed  with  respect  to  the  other  so  that  this  prod- 
uct is  negative,  power  is  being  returned  by  the  circuit  to  the  source,  and 
is  then  reckoned  as  a  negative.  The  net  value  of  the  energy  delivered 
to  the  circuit  per  cycle  is  equal  to  the  difference  between  the  positive  and 
the  negative  values  of  energy  in  the  two  periods  above  referred  to.  The 
average  value  of  the  power  for  a  given  value  of  voltage  and  current  is 
then  less  than  the  product  of  the  voltage  and  current  (the  volt-amperes) 
and  may  have  any  value  between  the  value  of  the  volt-amperes  and  zero. 

Inductive  Reactance — Reactance  due  to  self-induction  as  distin- 
guished from  reactance  due  to  a  condenser. 

Instantaneous  Peak— -The  instantaneous  peak  of  a  load  diagram  is 
the  maximum  value  of  the  load  shown  on  that  diagram.  With  refer- 
ence to  a  sine  wave,  the  instantaneous  peak  is  the  maximum  ampli- 
tude of  the  wave. 

Insulation  Resistance — ^The  resistance  existing  between  a  conductor 
and  the  earth,  or  between  two  conductors  in  a  circuit  through  insulating 
materials  lying  between  them.  A  term  applied  to  the  resistance  of  the 
insulating  material  of  a  covered  wire  or  conductor  to  an  impressed  volt- 
age tending  to  produce  a  leakage  of  current.  The  resistance  of  any 
insulation. 

Intensity  of  Field — The  strength  or  density  of  a  magnetic  field  as 
measured  by  the  quantity  of  magnetic  flux  that  passes  through  it  per 
unit  of  area  of  normal  cross  section. 

Intensity  of  Magnetic  Flux— The  quantity  of  magnetic  flux  per  unit 
of  area  of  normal  cross  section.    The  density  of  magnetic  flux. 
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Interior  Conduit — ^A  conduit  in  the  walls  or  floors,  of  a  building, 
provided  for  accommodating  electric  conductors. 

Joint  Resistance— The  combined  resistance  of  a  number  of  parallel 
connected  resistances.     (See  Resistance.) 

Jottle— A  volt-coulomb  or  unit  of  electric  energy  or  work.  The 
amount  of  electric  work  required  to  raise  the  potential  of  one  Inter- 
national coulomb  of  electricity  one  International  volt.  Ten  million 
ergs- 
Joule's  Laws  of  Heating — In  any  given  conductor  the  heat  devel- 
oped by  an  electric  current  in  any  given  time  varies  directly  as  the 
square  of  the  current,  and  as  the  resistance,  that  is,  the  heat  varies  as 
PR.    Also  since  the  total  heat  varies  as  the  time,  the  total  heat  is 


or,  if  expressed  in  calories 


TRT 

TRT 
4.2 


Kilovolt— One  thousand  volts. 

Kilowatt — One  thousand  watts. 

Kilowatt-hour — ^The  amount  of  work  equal  to  that  performed  by  an 
activity  of  onfe  kilowatt  maintained  steadily  for  one  hour.  An 
amount  of  work  equal  to  3,600,000  joules.     One  thousand  watt-hours. 

Lagging  Current-^A  periodic  current  lagging  behind  the  impressed 
electromotive  force  which  produces  it. 

Leading  Current — An  alternating  current  wave  or  component,  in 
advance  of  the  electromotive  force  producing  it. 

Lens's  Law— In  all  cases  of  induction  the  direction  of  the  induced 
current  is  such  as  to  oppose  the  motion  which  produces  it. 

Lines  of  Magnetixation— A  term  sometimes  applied  to  lines  of 
magnetic  induction,  also  applied  to  those  portions  of  the  lines  of  mag- 
netic force  which  lie  within  the  magnetized  substance. 

Load— The  work  thrown  on  any  machine,  apparatus  or  system. 

Load,  Artificial — ^A  load  purposely  created,  which  is  intended  to 
replace  an  equivalent,  but  not  controllable  load,  as  found  on  the  con- 
sumer's premises. 

Load,  Normal — ^A  load  as  found  at  the  consumer's  premises  under 
normal,  or  usual,  conditions  for  the  time  under  consideration,  also 
that  load  for  which  any  apparatus  is  intended  to  be  used. 

Load  Transformer — Any  transformer  designed  to  carry  an  appre- 
ciable electrical  load.  In  laboratory  work,  or  in  connection  with  tests, 
this  term  is  commonly  used  to  distinguish  these  transformers  from  those 
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small  transformers  called  instrument  transformers,  used  to  furnish  in- 
struments, or  meters,  with  relatively  small  currents,  or  voltages. 

Low-Tension — ^A  relative  term  used  to  designate  a  winding  or  con- 
ductor of  less  voltage  than  that  with  which  it  is  related  or  com- 
pared. • 

Magnet — Any  body  producing  magnetic  flux.  A  body  possessing 
the  power  of  attracting  the  unlike  pole  of  another  magnet,  or  of  re- 
pelling the  like  pole,  or  of  inducing  magnetism  in  magnetizable  bodies. 

Magnet  Coil — A  coil  of  insulated  wire  surrounding  the  core  of  an 
electromagnet,  through  which  the  magnetizing  current  is  passed. 

Magnetic  Circuit— ^The  path  through  which  magnetic  flux  passes. 

Magnetic  Field— The  region  of  magnetic  influence  surrounding  the 
poles  of  a  magnet.  The  space  or  region  traversed  by  magnetic  flux  in 
which  a  magnet  needle,  free  to  move,  will  assume  a  definite  position. 

Magnetic  Flux— The  magnetic  lines  that  issue  from  and  return  to 
the  poles  of  a  magnet.  The  total  number  of  lines  of  magnetic  force 
in  any  magnetic  field.  The  magnetic  flow  that  passes  through  any 
magnetic  circuit. 

Magnetic  Permeability — Conductivity  for  magnetic  flux.  The  ratio 
between  the  magnetic  induction  produced  in  a  magnetic  sut^stance,  and 
the  magnetizing  force  producing  such  magnetic  induction. 

Magnetic  Poles — Those  parts  of  a  magnetic  source  from  or  at 
which  the  flux  emerges  or  enters. 

Magnetism — ^That  property  or  condition  of  matter  which  accom- 
panies the  production  of  magnetic  flux. 

Magnetomotive  Force — ^The  force  which  produces  magnetic  flux. 

Maximum  Demand — The  maximum  demand,  or  load,  may  be 
stated  in  kilowatts,  horse  power,  i6  candle-power  lamp  equivalents,  or 
any  other  term  specified,  but  preferably  should  be  stated  in  terms 
which  leave  no  opportunity  for  error,  and  wherever  possible  should 
be  stated  in  kilowatts.  Unless  otherwise  specified,  it  should  always 
mean  absolutely  the  greatest  actual  instantaneous  maximum  demand. 
If  the  greatest  actual  maximum  demand  is  not  intended,  but  it  is 
intended  to  express  the  greatest  maximum  demand  for  a  given  day 
or  a  given  interval  of  time,  then  it  should  be  so  stated. 

Maximum  Demand,  or  Load,  Indicators — A  maximum  demand  in- 
dicator is  an  instrument  which  leaves  a  record  of  the  maximum  load 
which  has  existed  in  the  circuit.  Such  meters  are  designed  not  to 
indicate  instantaneous  values  of  load,  but  rather  to  record  maximum 
values  of  load  continuing  for  a  definite  and  predetermined  time 
(Chapter  XVII). 

Megohm — One  million  ohms. 
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Meter,  Electricity— An  apparatus  for  measuring  commercially  the 
quantity  of  electricity  that  passes  in  a  given  time  through  a  circuit. 

Meter  Revolutions— The  number  of  revolutions  the  disk  of  a  watt- 
hour  meter  under  test  makes  during  some  interval  of  time  under 
consideration.    Abbreviated  meter  revs. 

Meter,  Rotating  Standard— A  watt-hour  meter  used  as  a  standard 
and  especially  designed  and  constructed  for  the  purpose  of  testing 
consumers'  watt-hour  meters,  so  as  to  permit  accurate  and  quick 
results. 

Mho— The  unit  of  conductance.  Such  a  conductance  as  is  equal  to 
•the  reciprocal  of  one  ohm.  A  unit  of  electric  conductance  of  the  value 
of  10'  absolute  units. 

Microfarad — One-millionth  of  a  farad. 

Microhm — ^The  millionth  of  an  ohm. 

Mil — A  unit  of  length  used  in  measuring  the  diameter  of  wires 
equal  to  the  one-thousandth  of  an  inch. 

Mil-foot- A  resistance  standard  consisting  of  a  foot  of  wire,  or 
other  conducting  material,  one  mil  in  diameter.  A  standard  of  com- 
parison of  resistivity,  or  conductivity,  of  wires. 

Milliampere — The  thousandth  of  an  ampere. 

Millihenry — A  thousandth  part  of  a  henry. 

Millivolt — The  thousandth  of  a  volt. 

Motor — ^An  electric  motor  is  an  apparatus  for  transforming  elec- 
trical energy  into  mechanical  energy  by  means  of  continuously  supply- 
ing a  system  of  electrical  conductors  with  an  electric  current  which 
causes  a  magnetic  force  to  act  between  the  conductors  carrying  it  and 
the  magnetic  field,  or  fields,  thereby  producing  continuous  relative  motion 
between  the  conductors  and  the  magnetic  fields. 

Motor,  the  First  Elementary — ^The  first  electromagnetic  rotation 
was  accomplished  by  immersing  a  small  steel  magnet  in  mercury,  one  end 
being  weighted  with  platinum  so  that  it  floated  in  a  position  nearly  ver- 
tical; a  current  was  passed  downward  through  a  wire  which  was  plunged 
in  the  mercury,  and  about  this  wire  the  magnet  revolved  as  long  as  the 
current  flowed. 

By  a  reversal  of  this,  that  is,  by  using  a  fixed  magnet  and  a  movable 
conductor,  Barlow  devised  what  is  known  generally  as  "  Barlow's  Wheel," 
the  form  of  which  is  almost  identical  with  that  of  Faraday's  first  dynamo. 
Instead  of  turning  this  wheel,  and  thus  generating  a  current  of  electricity, 
a  current  is  led  into  it  from  any  convenient  source,  entering  at  the  axis, 
and  leaving  at  the  circumference,  or  vice  versa.  If  the  wheel  or  disk 
be  properly  placed  between  the  poles  of  a  magnet,  rotation  will  be  set 
Mn.  the  direction  of  which  will  depend  upon  the  direction  of  the  current,^ 
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and  the  position  of  the  magnetic  poles.  The  current  which  causes  motion 
in  this  simple  machine  may  come  from  another  precisely  like  it,  except 
that  in  it  the  disk  must  be  turned  by  hand  or  by  some  other  source  of 
mechanical  energy.  The  experiment  is  useful  as  shown  in  the  inter- 
changeability  of  the  dynamo,   which  generates  a  current  of  electricity. 


Fic.  3».— Bm1ow-i  WliMl. 


and  the  motor,  which  converts  that  current  back  into  what  is  generally 
known  as  "mechanical  energy,"  the  motion  of  visible  masses  of  mat- 
ter (Figs.  38  and  30). 

Mo  tor- Generator — Motor  and  generator  on  the  same  shaft,  for 
changing  alternating  current  to  continuous,  and  vice  versa,  or  changing 
current  of  high  voltage  and  low  intensity  to  current  of  low  voltage  and 
high  intensily  and  vice  versa. 

Motor,  Induction — An  induction  motor  is  a  rotating  machine 
which  transforms  electrical  power  into  mechanical  power.  It  consists 
of  two  essential  parts,  namely,  the  primary  or  field,  to  which  the 
line  is  connected,  and  the  secondary,  or  armature,  in  which  currents  are 
induced  by  the  action  of  the  primary.  Either  of  these  parts  may  be  Ihc 
Ihc  revolving  member,  bul,  generally,  the  field  is  stationary  and  the  arma- 
ture revolves,  giving  rise  to  the  names   stator  and  rotor,   respectively. 

Multiple  Series  Circuit — A  circuit  iii  which  a  number  of  separate 
sources,  or  receptive  devices,  or  both,  are  connected  in  a  number  of 
separate  groups  in  series,  and  these  separate  groups  subsequently  con- 
nected  in  multiple. 

Multiple  Windings — Independent  windings  symmetrically  disposed 
upon  the  same  armature,  insulated  from  each  other,  but  brought  to 
different  segments  of  the  commutator. 


TERMINOLOGY,   NOMENCLATURE  AND    UNITS  6i 

Ne^tive  Charge — According  to  the  double-fluid  hypothesis,  a 
charge  of  negative  electricity.  According  to  the  single-fluid  hypothesis, 
any  deficit  of  an  assumed  electric  fluid.  An  electric  charge  of  the  same 
character  as  that  produced  on  silk  when  rubbed  by  glass. 

Negative  Conductor — ^The  conductor  connected  to  the  negative  ter- 
minal of  an  electric  source. 

Negative  Electromotive  Forced-Such  an  e.  m.  f.  as  is  produced  at 
the  free  pole  of  a  battery  or  other  source  whose  positive  pole  is 
grounded. 

Negative  Potential — ^A  potential  such  as  determines  a  tendency  of 
electricity  to  flow  toward  it  from  the  earth  or  from  any  point  of  positive 
potential.  Generally,  the  lower  potential  or  lower  level.  That  property 
of  a  point  in  space  by  virtue  of  which  electric  work  is  done  by  the 
movement  of  a  small  positive  charge  to  that  point  from  an  inflnite  distance. 

Negative  Terminal — ^The  terminal  of  a  voltaic  cell  connected  with 
the  positive  plate  or  element.  The  terminal  of  a  source  connected  with 
the  negative  pole.  The  terminal  of  a  translating  device  connected  with 
the  negative  pole  of  the  source. 

Normal  Current — ^The  current  strength  at  which  a  system  or  ap- 
paratus is  designed  to  be  operated. 

Oersted — ^The  name  used  for  the  c.g.s.  unit  of  magnetic  reluc- 
tance. The  reluctance  offered  to  the  passage  of  magnetic  flux  by  a 
cubic  centimeter  of  air  when  measured  between  parallel  faces. 

Ohm — ^The  International  ohm,  as  defined  by  the  International  Elec- 
trical Congress,  which  met  in  Chicago  in  1893,  '*  which  is  based  upon 
the  ohm  equal  to  10  units  of  resistance  of  the  c.g.s.  system  of  electro- 
magnetic units,  is  represented  by  the  resistance  offered  to  an  unvary- 
ing electric  current  by  a  column  of  mercury  at  the  temperature  of 
melting  ice,  14.4521  grams  in  mass,  of  a  constant  cross-sectional  area 
and  of  the  length  of  106.3  cm." 

Ohm's  Law— The  law  of  non-varying  current  strength  in  a  circuit 
not  subject  to  variation.  The  strength  of  a  continuous  current  is  directly 
proportional  to  the  difference  of  potential  or  electromotive  force  in  the 
circuit  and  inversely  proportional  to  the  resistance  of  the  circuit,  i.  e.,  is 
equal  to  the  quotient  arising  from  dividing  the  electromotive  force  by  the 
resistance. 

Ohm's  law  is  expressed  algebraically  thus:* 

E  E 

I  =  g ;  or  E  =   IR ;  or  R  =  Y 

If  the  electromotive  force  is  given  in  volts,  and  the  resistance  in  ohms, 
the  formula  will  give  the  current  strength,  directly  in  amperes. 
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The  current  in  amperes  is  equal  to  the  electromotive  force  in  volts 
divided  by  the  resistance  in  ohms. 

The  electromotive  force  in  volts  is  equal  to  the  product  of  the  current 
in  amperes  and  ihe  resistance  in  ohms. 

The  resistance  in  ohms  is  equal  to  the  electromotive  force  in  volts 
divided  by  the  current  in  amperes. 

The  quantity  of  electricity  in  coulombs  is  equal  to  the  current  in 
amperes  multiplied  by  the  lime  in  seconds. 

Ordinate — In  graphics,  a  vertical  distance  taken  on  a  line  called  the 
axis  of  ordinates. 

Oscillating  Current — An  oscillatory  current.  A  periodically  alter- 
nating current  of  diminishing  amplitude. 

Oicillograph — An  instrument  for  recording  rapid  variations  of  an 
electric  current  or  pressure,  usually  consisting  of  a  combination  of  a 
suitable  form  of  galvanometer   with   a  photographic  recording  apparatus. 

Parallel  Circuit — A  term  sometimes  used  for  multiple  circuit. 

Peltier  Effect — What  may  be  deemed  a  converse  of  the  Seebeck 
effect  was  discovered  by  Pellier  in  1834,  viz.,  that  when  an  electric  cur- 
rent is  sent  through  a  junction  of  two  nielals  (see  Pellier  bar,  Fig.  40), 
(he   result   is  either  an  absorption  or  an  evolution   of  heat,   according  to 


Fee.  40— Peltier  Eiperimenl. 

the  direction  of  the  current.  If  the  current  passes  in  the  same  direction 
as  that  developed  by  healing  the  junction,  the  absorption  of  heat  occurs 
at  the  junction,  but  if  in  Ihe  opposile  direction,  evolution  of  heal  at  the 
jimction  results.  This  is  known  as  the  Peltier  effect.  As  this  effect 
is  never  very  intense,  it  is  often  masked  by  the  Joule  effect  resulting 
from  the  resistance  of  Ihe  circuit,  since  the  former  i^  proportional  to  the 
first  power  only  of  the  current,  while  the  latter  is  proporlional  to  the 
square  of  ihe  current. 
Period — The  interval  of  time  between  two  successive  passages  of 
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a  vibration  through  a  given  point  of  its  path  taken  in  the  same  direction. 
The  time  occupied  in  performing  a  complete  cycle. 

Periodic  Function — ^A  periodic  function  is  one  which  repeats  itself 
after  a  definite  time  or  period.     If  any  number  of  simple  sine  functions 


/sa 


Pig.  41. — Summation  of  Two  Simile  Sine  Waves  to  Form  a  Resultant  Sine  Wave. 


of  the  same  period  be  added,  the  resultant  sum  will  be  a  simple  sine 
function  of  the  same  period.  This  is  shown  in  Fig.  41,  for  the  addition 
of  two  simple  sine  functions  or  sine  waves,  and  it  is  evident  that,  if 
true  for  the  addition  of  two,  it  is  true  for  the  addition  of  any  number  of 
simple  sine  functions.     An  example  of  the  addition  of  two  simple  sine 
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Fig.  4a. — Diagram  showing  the  Formation  of  a  Resultant  Sine  Wave  from  Two  Simple  Sin  « 

Waves. 
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functions  of  the  same  period  is  shown  in  Fig.  42.  The  resultant  curve, 
represented  by  .the  heavy  line,  is  likewise  a  sine  curve. 

Permanent  Magnet— 'A  name  sometimes  given  to  a  magnet  com- 
posed of  hardened  steel,  whose  magnetic  retentivity  is  high. 

Personal  Equation — ^A  constant  observational  error  peculiar  to  an 
observer,  and  depending  upon   his   psychological   condition. 

Phase  Angle — In  alternating  current  systems  two  or  more  currents 
or  e.  m.  fs.  which  do  not  come  to  their  maximum  values  at  the  same 
instant  are  said  to  be  out  of  phase,  or  to  have  a  phase  difference,  and 
the  angle  between  the  vectors  which  represent  these  currents  or  e.  m.  fs. 


Pig.  43* — Diagram  showing  the  Phase  Angles  between  Three  Distinct  e.mis.  and  their 

Vector  Representations. 

is  called  a  phase  angle.  If  it  is  measured  forward,  in  the  direction  of 
rotation,  the  angle  is  called  the  angle  of  lead,  and  if  measured  against 
the  direction  the  angle  is  called  the  angle  of  lag  (Fig.  43). 

Phase  Splitting  Device — An  elementary  phase  splitting  device  for 
starting  synchronous  motors  is  shown  in  Fig.  44.  Putting  the  two  sets 
of  coils  in  parallel  with  a  non-inductive  resistance  in  one  branch  (see 
Fig.  44)  and  a  self -inductive  resistance  (or  choking  coil)  in  the  other 
branch.  When  the  motor  has  started  these  are  cut  out;  but  the  motor 
continues  to  revolve  as  a  synchronous  motor. 

Phase  Wire — Wires  leading  from  the  collector  rings  (neutral  ex- 
cluded), terminals  from  transformers  or  any  other  alternating  current 
apparatus  are  commonly  called  phase  wires. 

Polarity — The  possession  of  poles,  or  of  opposite  properties,  at 
opposite  ends.     The  condition  of  electric  or  magnetic  differentiation  be- 
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teen  properties  of  electric  or  magnetic  flux  depending  on,  and  inherent 
I,  the  direction  of  such  flux. 


Fig.  44.— Fbaw  Splittinc  Device. 

With  refercDce  to  the  term  polarity,  pertaining  to  transformers,  the 
meanioK  carries  with  it  the  designation  of  the  instantaneous  direction 
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of  flow  of  current.  Thus  in  Fig.  45  the  arrows  indicate  the  direction 
of  flow  for  some  interval  of  time,  one  cycle,  and  may  be  considered  as 
pulsating  continuous  current  for  that  one  half  cycle  and   for  the  next 
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one  half  cycle  the  same  condition  may  be  considered  to  exist  except  that 
the  direction  of  the  current  has  changed.  Standard  transformers  are  so 
designed  that  currents  in  the  low-tension  side  of  a  step  down  trans- 
former flow  as  if  the  high-tension  line  were  connected  directly.  The 
following  method  may  be  used  for  testing  the  polarity  of  a  transformer. 

In  Fig.  45  high-tension*  A  should  be  of  the  same  polarity  as  the  low- 
tension  lead  A'.  With  the  transformer  disconnected  from  the  line,  con- 
nect the  high-tension  lead  B  to  the  low-tension  lead  B'.  Apply  loo 
volts,  say,  to  the  high-tension  side  A  B  of  the  transformer.  The  volt- 
age measured  from  A  to  A'  should  be  greater  than  the  applied  volt- 
age if  the  transformer  is  of  the  correct  polarity.  In  other  words,  a 
transformer  connected  as  shown  should  act  as  a  booster  to  the  volt- 
age. If  the  leads  A  and  A'  are  not  of  the  same  polarity,  the  voltage 
measured  from  A  to  A'  should  be  less  than  that  applied  as  A  B. 

Positive  Charge— According  to  the  double-fluid  hypotheses,  a 
charge  of  positive  electricity.  According  to  the  single-fluid  hypothesis, 
any  excess  of  an  assumed  electric  fluid.  A  charge  of  electricity  having 
a  positive  potential. 

Positive  Lead — In  a  system  of  parallel  distribution,  a  lead  con- 
nected with  the  positive  generator  terminal,  or  with  the  positive  bus-bars. 

Positive  Pole— That  pole  of  an  electric  source  out  of  which  the 
current  is  assumed  to  flow. 

Positive  Wire— The  wire  connected  with  the  positive  pole  of  a 
source. 

Potential,  Electric — The  power  of  doing  electric  work.  Electric 
level.     Voltage.     Electric  pressure. 

Power — Rate  of  doing  work,  expressible  in  watts,  joules-per-second, 
foot-pounds  per  hour,  etc.  Activity.  The  total  amount  of  work  done  is 
independent  of  time,  that  is  to  say,  the  total  work  is  the  same  whether 
it  is  done  in  one  minute  or  in  one  year.  But  when  various  amounts 
of  work,  done  in  different  times,  are  to  be  compared  to  a  common  stand- 
ard of  power,  the  element  of  time  must  be  considered. 

Similarly  in  the  electrical  circuit;  the  total  number  of  joules  of  work 
done  is  independent  of  the  time,  but  when  there  are  several  circuits,  the 
work  of  each  of  which  is  to  be  compared  to  a  standard,  the  element  of 
time  in  which  this  work  is  done  must  be  considered. 

Power-Factor — The  power-factor  or  an  alternating  current  supply 
indicates  the  ratio  of  actual  watts  to  apparent  watts  which  may  be  deliv- 
ered. The  apparent  watts  are  equal  to  the  product  of  the  volts  and  am- 
peres, but  owing  to  possible  "  phase  displacement "  the  power  delivered 
may  be  actually  less  than  the  apparent  power.  The  power-factor  is  usu- 
ally expressed  as  a  decimal  fraction.     If  a  pressure  of  lo  volts  delivers 
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2  amperes  at  a  power-factor  of  0.8  (or  80  per  cent)  the  apparent  power 
is  20  watts,  while  the  actual  power  is  0.8  X  20  or  16  watts. 

Practical  Units — Definitely  related  multiples  or  sub-multiples  of  the 
absolute  or  centimeter-gramme-second  units. 

Primary— That  winding  of  an  induction  motor  or  of  a  transformer 
which  directly  receives  power. 

Primary  Coil  of  Transformer — That  coil  of  transformer  on  which 
the  primary  electromotive  force  is  impressed.  The  coil  which  re- 
ceives energy  prior  to  transformation. 

Primary  Currents— Currents  flowing  in  a  primary  circuit,  as  distin- 
'guished  from  currents  flowing  in  a  secondary  circuit. 

Proportionate  Arms — ^The  two  resistances  or  arms  of  an  electric 
bridge,  whose  relative  or  proportionate  resistance  only  are  required  to 
be  known,  in  order  to  determine  in  connection  with  a  known  resistance, 
the  value  of  an  unknown  resistance  placed  in  the  remaining  arm  of  the 
bridge. 

Pulsating  Current — A  current  equivalent  to  the  superposition  of  an 
alternating  current  upon  a  continuous  current.  A  current  pulsating  in 
one  direction  like  the  blood  in  the  veins. 

Quadrant  Electrometer — An  electrometer  in  which  an  electrostatic 
charge  is  measured  by  the  attractive  and  repulsive  force  exerted  by  four 
plates  or  quadrants  on  a  light  needle  of  aluminum  suspended  between 
them. 

Quadrature— A  term  applied  to  express  the  fact  that  one  simple 
harmonic  quantity  lags  90  degrees  behind  another. 

Quarter-Phase— A  term  implying  the  supply  of  power  through  two 
circuits.  The  vector  angle  between  the  e.  m.  fs.  of  the  circuits  is  90 
degrees. 

Quarter-Phase  System — A  two-phase  system  of  alternating  current 
distribution  employing  two  currents,  out  of  phase,  by  a  quarter  period. 

Ratio  of  Transformation — The  ratio  between  the  electromotive 
force,  or  current,  produced  at  the  secondary  terminals  of  an  induction 
coil  or  transformer,  and  the  electromotive  force,  or  current,  impressed 
on  the  primary  terminals. 

Reactance,  Inductive— The  inductance  of  a  coil  or  circuit  multiplied 
by  the  angular  velocity  of  the  sinusoidal  current  passing  through  it. 
or  expressed  by  the  formula  x  =  2  7r  fL  =  coL,  where  (D^=2  7rf  and 
f  is  the  frequency  in  cycles  per  second,  and  L  is  the  coefficient  of 
self-induction. 

A  quantity  whose  square  added  to  the  square  of  the  resistance  gives 
the  square  of  the  impedance,  in  a  simple  harmonic  current  circuit.  (See 
Alternating  Current.) 
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Reactance  Coil — ^A  coil  for  producing  difference  of  phase  or  for 
limiting  current. 

Reactive  Circuit — ^A  circuit  containing  either  inductance  or  capacity- 
alone,  or  both  inductance  and  capacity. 

Reactive  Electromotive  Force— In  an  alternating  current  circuit 
that  component  of  the  electromotive  force  that  is  in  quadrature  with  the 
current  and  which  balances  the  counter-electromotive  force  of  inductance. 

Reflecting  Galvanometer— A  term  sometimes  applied  to  a  mirror 
galvanometer. 

Reluctivity — ^The  specific  magnetic  resistance  of  a  medium. 

Residual  Magnetism^-The  magnetism  remaining  in  a  core  of  an* 
electromagnet  on  the  opening  of  a  magnetizing  circuit.  The  small  amount 
of  magnetism  retained  by  soft  iron  when  removed  from  any  magnetic 
flux. 

Resistance— The  quality  of  an  electrical  conductor  by  virtue  of 
which  it  opposes  an  electric  current.    The  unit  of  resistance  is  the  ohm. 

Resistance  is  that  attribute  of  a  conductor  or  of  a  circuit  which  deter- 
mines the  strength  of  the  electric  current  that  can  be  sent  through  the 
conductor  or  the  circuit,  around  which  a  constant  difference  of  potential 
is  maintained,  as  shown  by  Ohm's  law.  The  resistance  of  a  given  con- 
ductor is  always  constant  at  the  same  temperature,  irrespective  of  the 
strength  of  current  flowing  through  it  or  the  electromotive  force  of  the 
current,  and  the  resistance  of  a  given  conductor  increases  as  the  length 
of  the  conductor  increases ;  that  is,  the  resistance  of  a  conductor  is  directly 
proportional  to  its  length.  Also,  the  resistance  of  a  conductor  varies 
inversely  as  its  sectional  area,  or  the  resistance  of  a  conductor  of  circu- 
lar cross  section  is  inversely  proportional  to  the  square  of  its  diameter. 

The  combined  resistance  of  several  resistances  in  parallel  may  be  found 
by  taking  the  reciprocal  of  the  sum  of  the  reciprocals  of  the  individual 
resistances  of  the  branch  circuit.  This  law  follows  from  the  law  of  con- 
ductance, which  states  that  the  combined  conductance  of  a  parallel  branch 
circuit  is  equal  to  the  sum  of  the  conductances  of  the  branches,  and  since 
the  resistance  is  equal  to  the  reciprocal  of  the  conductance,  the  reciprocal 
law  holds  true,  as  above  stated. 

Resonance — In  a  simple  harmonic  current,  circuit  or  branch,  con- 
taining both  inductance  and  capacity,  the  neutralization  or  annulment  of 
inductive  reactance  by  capacity  reactance,  whereby  the  impedance  of  the 
circuit  or  branch  is  reduced  to  the  ohmic  resistance.  In  an  alternating 
current  circuit,  or  branch,  containing  localized  inductance  and  capacity,  the 
reinforcement  of  condenser  pressure,  inductance  pressure  or  current 
strength,  due  to  the  nuitual  neutralization  or  opposition  of  inductance 
and  capacity  reactances.     In  an  alternating  current  circuit,  or  branch,  the 
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attunement  of  a  circuit,  containing  a  condenser  to  the  same  natural 
undamped  frequency  of  oscillation  as  the  frequency  of  impressed  e.  m.  f. 
whereby  the  circuit  responds  to  this  frequency  more  than  to  any  other. 
In  an  alternating  current  circuit,  or  branch,  the  annulment  of  inductive 
reactance  by  capacity  reactance,  whereby  the  impedance  of  the  circuit 
or  branch  is  not  only  reduced. to  its  ohmic  resistance,  but  its  current  is 
in  phase  with  it3  impressed  e.  m.  f. 

Resultant  Magnetic  Field — ^A  single  magnetic  field  produced  by  two 
or  more  co-existing  magnetic  fields. 

Rotating  Magnetic  Field — A  field  produced  by  a  rotating  current. 
A  magnetic  field  in  which  a  set  of  magnet  poles  is  produced,  whose 
successive  positions  are  such  as  that  a  rotation  of  the  field  is  effected. 

Secondary — (See  secondary  winding.) 

Secondary  Battery — (See  storage  battery.) 

Secondary  Winding — ^That  winding  of  an  induction  motor  or  of  a 
transformer  which  receives  power  from  the  primary  by  induction. 

Note :  The  terms  "  high-tension  winding  "  and  "  low-tension  winding  " 
are  suitable  for  distinguishing  between  the  windings  of  a  transformer 
where  the  relations  of  the  apparatus  to  the  source  of  power  are  not 
involved.     (See  nomenclature.) 

Seebeck  Law— -In  1822  Seebeck  discovered  that  a  current  may  be 
produced  in  a  closed  circuit  by  heating  a  point  of  contact  of  two  dis- 
similar metals.  Thus,  if  a  piece  of  bismuth  and  a  piece  of  antimony  be 
soldered  together,  and  their  free  ends  be  connected  with  a  short-coil 
galvanometer,  it  is  found  that  if  the  junction  be  warmed  to  a  temperature 


Pic.  46. — Seebeck  Experixnent. 

higher  than  that  of  the  rest  of  the  circuit,  a  current  flows  whose  direc- 
tion across  the  heated  point  is  from  bismuth  to  antimony,  the  strength 
of  the  current  being  proportional  to  the  excess  of  temperature.  If  the 
junction  is  cooled  below  the  temperature  of  the  rest  of  the  circuit  a 
current  in  the  opposite  direction  is  generated.     The  electromotive  force 
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thus  set  up  will  maintain  a  constant  current  so  long  as  the  excess  of 
temperature*  of  the  heated  point  is  kept  up,  heat  being  all  the  while 
absorbed  in  order  to  maintain  the  energy  of  the  current.  Such  currents 
are  called  thermoelectric  currents,  and  the  electromotive  force  producing 
them  is  known  as  thermoelectromotive  force  (Fig.  46). 

Self-induced  Current — A  current  induced  in  a  circuit  on  the  open- 
ing or  closing  of  the  circuit,  or  by  changes  in  the  current  strength 
in  it. 

Self-induction — Induction  produced  in  a  circuit  by  the  induction  of 
the  current  on  itself  at  the  moment  of  starting,  changing,  or  stopping 
the  current  therein. 

Series  Circuit — A  circuit  in  which  the  separate  sources  or  separate 
electro-receptive  devices,  or  both,  are  so  placed  that  the  current  produced 
in  it  or  passed  through  it  passes  successively  through  the  entire  circuit 
from  the  first  to  the  last. 

Series  Multiple  Circuit — A  compound  circuit  in  which  a  number  of 
separate  sources,  or  separate  electro-receptive  devices,  or  both,  are  con- 
nected in  a  number  of  separate  groups  in  multiple,  and  these  separate 
groups  subsequently  connected  in  series. 

Short  Circuit— A  shunt  or  by-path  of  negligible  or  comparatively 
small  resistance,  placed  around  any  part  of  an  electric  circuit  through 
which  so  much  of  the  current  passes  as  to  virtually  cut  out  the  parts 
of  the  circuit  to  which  it  acts  as  a  shunt.  An  accidental  direct 
connection  between  the  mains  or  main  terminals  of  a  dynamo  or 
system  producing  a  heavy  overload  of  current.  To  accidentally  pro- 
duce a  short  circuit. 

Shunt— An  additional  path  established  for  the  passage  of  an  elec- 
tric current  or  discharge. 

Shunt  Circuit — A  derived  circuit.  A  branch,  or  additional  circuit, 
provided  in  any  part  of  a  circuit,  through  which  the  current  branches 
or  divides,  part  flowing  in  the  original  circuit  and  part  through  the 
new  branch  or  shunt.  A  circuit' for  diverting  or  shunting  a  portion 
of  the  current. 

Shunt  Ratio^The  ratio  existing  between  a  shunt  and  the  circuit 
it  shunts.  The  ratio  existing  between  the  total  current  strength 
and  the  current  strength  in  the  branch  to  which  the  shunt  is  ap- 
plied. 

Silver  Voltameter — A  voltameter  in  which  the  quantity  of  elec- 
tricity passing  is  determined  by  the  weight  of  silver  deposited. 

Simple  Alternating  Currents  —  Sinusoidal  alternating  currents. 
Simple  harmonic  currents. 

Simple    Harmonic    ElectrQmQtive    Forces  —  Electromotive    forces 
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which  vary  in  such  a  manner  as  to  produce  simple  harmonic  cur- 
rents; or,  electromotive  forces  whose  variations  can  be  correctly 
represented  by  a  simple  harmonic  curve. 

Simple  Periodic  Motion — Simple  harmonic  motion. 

Sine  Law — A  law  of  magnitude  defined  by  the  sines  of  angles. 
A  magnitude  which  follows  the  sines  of  successive  angles. 

Single-phase,  Uniphase,  Monophase — Pertaining  to  ordinary  al- 
ternating currents  in  a  simple  alternating  current  system  as  distin- 
guished from  polyphase  currents. 

Sinusoidal  Alternating  Electromotive  Forces— Alternating  electro- 
motive forces  whose  variations  in  strength  are  correctly  represented 
by  a  sinusoidal  curve.  Simple  harmonic  electromotive  forces.  (See 
Figs.  I,  2,  and  3.) 

Sinusoidal  Curve — A  curve  of  sines.  A  sinusoid.  A  curve  which 
to  rectangular  co-ordinates  has  an  ordinate  at  each  point  propor- 
tionate to  the  sine  of  an  angle  proportionate  to  the  abscissa. 

Slide  Wire  Bridge— A  bridge  whose  proportionate  arms  are  formed 
of  a  single  thin  wire,  of  uniform  diameter  and  of  comparatively  high 
resistance,  of  some  material  whose  temperature  coefficient  is  low. 

Solenoi<i^A  cylindrical  coil  or  wire  whose  convolutions  are  cir- 
cular. An  electromagnetic  helix.  Without  any  central  bar  of  iron 
or  steel  a  spiral  coil  of  wire  traversed  by  a  current  acts  as  an  elec- 
tromagnet (though  not  so  powerfully  as  when  an  iron  core  is  placed 
in  it).     Such  a  coil  is  sometimes  termed  a  solenoid.    A  solenoid  has 
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Pig.  47. — A  Solenoid. 

two  poles  and  a  neutral  equatorial  region.  (Ampere  found  that  it 
will  attract  magnets  and  be  attracted  by  magnets.)  It  will  attract 
another  solenoid;  it  has  a  magnetic  field  resembling  generally  that 
of  a  bar  magnet.  If  arranged  as  shown  in  Fig.  47,  that  it  can  turn 
round  a  vertical  axis,  it  will  set  itself  in  a  north  and  south  direction 
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along  the  magnetic  meridian.  A  winding  of  '  wire  is  called  a 
coil.  The  usual  form  of  coil  consists  of  wire  wound  on  a  spool. 
When  the  spool  is  very  short  and  large  in  diameter  the  coil  is 
called  a  circular  coil.  When  a  spool  is  very  long  in  comparison 
with  its  diameter  the  coil  is  called  a  solenoid.  The  solenoid  is  usu- 
ally  made  by  winding  one  or  more  layers  of  wire  on  a  long  tube. 

The  magnetic  field  in  a  long  solenoid  is  uniform,  that  is,  the  field 
has  the  same  intensity  at  every  point  inside  of  the  solenoid  and  the 
same  direction,  namely,  parallel  to  the  axis  of  the  solenoid. 

Specific  Condactivity— The  particular  conductivity  of  a  substance 
for  electricity.  The  specific  or  particular  conductivity  of  a  given 
length  and  area  of  cross  section  of  a  substance,  as  compared  with  the 
same  length  and  area  of  cross  section  of  some  standard  substance. 
Conductivity  with  reference  to  Matthiessen's  standard  conductivity. 

Specific  Inductive  Capacity — ^The  ability  of  a  dielectric  to  permit 
induction  to  take  place  through  its  mass  as  compared  with  the  abil- 
ity possessed  by  a  vacuous  space  of  the  same  dimensions,  under  pre- 
cisely the  same  conditions.  The  relative  power  of  bodies  for  trans- 
mitting electrostatic  stresses  and  strains,  analogous  to  permeability 
in  metals.  The  ratio  of  the  capacity  of  a  condenser  whose  coatings 
are  separated  by  a  dielectric  of  a  given  substance,  to  the  capacity 
of  a  similar  condenser,  whose  plates  are  separated  by  a  vacuum. 

Specific  Resistance— The  particular  resistance  a  substance  offers 
to  the  passage  of  electricity  through  it,  compared  with  the  resist- 
ance of  some  standard  substance.  In  absolute  measurements,  the 
resistance  in  absoltue  units  between  opposed  faces  of  a  centimeter 
cube  of  a  given  substance.  In  the  practical  system,  the  above  re- 
sistance in  ohms.  Resistivity,  expressed  in  electromagnetic  absolute 
units  as  square-centimeters  per  second. 

Split  Phase— A  difference  produced  between  the  phases  of  two  or 
more  alternating  currents  into  which  a  single-phase  alternating  cur- 
rent has  divided. 

Square  Mil — A  unit  of  area  employed  in  measuring  the  areas  of 
cross  section  of  wires,  equal  to  o.oooooi  square  inch.  A  unit  of  area 
equal  to  1.2732  circular  mils. 

Standard  Revolutions — ^The  number  of  revolutions  which  the  mov- 
ing element  of  a  watt-hour  meter  makes  when  used  as  a  standard  for 
calibrating  or  testing  another  watt-hour  meter  during  the  measured 
interval  of  time. 

Star  Three-phase  System — A  system  in  which  all  three  phase 
windings  are  connected  together  at  a'  common  point  or  neutral  point, 
and  the  three  free  ends  connected  to  the  circuit. 
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Starting  Torque — ^The  torque  required  in  starting.  The  torque 
developed  in  starting. 

Static  Voltmeter — ^A  voltmeter  operating  by  electrostatic  action, 
as  opposed  to  a  voltmeter  operating  electromagnetically.  A  volt- 
meter in  which  the  moving  system  is  displaced  by  electrostatic 
forces.    A  voltmeter  of  the  electroscope  or  electrometer  type.    . 

Step-down  Transformer — A  transformer  in  which  a  small  current 
of  comparatively  great  difference  of  potential  is  converted  into  a 
large  current  of  comparatively  small  difference  of  potential. 

Step-up  Transformer — A  transformer  in  which  a  large  current  of 
comparatively  small  difference  of  potential  is  converted  into  a  small 
current  of  comparatively  great  difference  of  potential. 

Storage  Battery — ^A  number  of  separate  storage  cells  connected  so 
as  to  form  a  single  electric  source. 

Storage  Cell — ^Two  relatively  inert  plates  of  metals  or  metallic 
compounds  immersed  in  an  electrolyte  incapable  of  acting  on  them 
until  after  an  electric  current  has  been  passed  through  the  liquid 
from  one  plate  to  the  other  and  has  thus  changed  their  chemical 
relations.  One  of  the  cells  required  to  form  a  secondary  battery.  A 
term  sometimes  given  to  the  jar  containing  a  single  cell. 

Stray  Field — Leakage  magnetic  flux.  That  portion  of  a  magnetic 
field  which  does  not  pass  through  an  armature  or  other  magneto- 
receptive  device.  A  magnetic  field  produced  by  a  source  external  or 
foreign  to  the  apparatus  under  test. 

Symmetrical  Alternating  Current — Any  alternating  current  whose 
successive  semi-periods,  waves,  or  alternations  pass  through  opposite 
but  equal  values,  or  correspond  in  all  respects  save  direction. 

Synchronism — ^Unison  of  frequencies  in  alternating  current  sys- 
tems or  apparatus.  Generally,  the  co-periodicity  and  co-phase  of 
two  periodically  recurring  events.  The  coincidence  in  cyclic  recur- 
rence of  two  or  more  periodic  variables,  without  regard  to  ampli- 
tude. 

Tangent  Galvanometer — An  instrument  in  which  the  deflecting  coil 
consists  of  a  coil  of  wire  within  which  is  placed  a  needle,  supported 
at  the  center  of  the  coil,  and  very  short  by  comparison  with  the 
diameter  of  the  coil. 

Thermoelectric  Laws — The  thermoelectric  properties  of  a  circuit 
are  best  seen  by  reference  to  the  simple  circuit  of  Fig.  46  which 
represents  a  bismuth-antimony  pair  united  by  a  copper  wire.  Volta's 
law  concerning  the  difference  of  potentials  due  to  contact  states 
that  when  all  are  at  one  temperature,  the  difference  of  potentials 
between   bismuth  and  copper  in  one  direction  is  equal  to  the  sum 
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of  the  differences  between  bismuth  and  antimony,  and  between 
antimony  and  copper  in  the  other  direction,  and  that  hence  there 
is  equilibrium  between  the  opposing  and  equal  electromotive  forces. 
But  when  a  junction  is  heated  this  equilibrium  no  longer  exists  and 
Volta's  law  ceases  to  be  true.  The  new  electromotive  force  set  up 
at  the  heated  junction  is  found  to  obey  the  following  laws: 

(i)  The  thermoelectromotive  force  is,  for  the  same  pair  of  met- 
als, proportional  (even  through  considerable  ranges  of  temperature) 
to  the  excess  of  temperature  of  the  junction  over  the  rest  of  the 
circuit. 

(2)  The  total  thermoelectromotive  force  in  a  circuit  is  the  sum 
of  all  the  separate  theromelectromotive  forces  at  the  various  junc- 
tions. 

Thermometer,  Electric — A  device  for  determining  the  effects  of 
an  electric  discharge  by  the  movements  of  a  liquid  column  due  to 
the  expansion  of  a  confined  mass  of  air  through  which  the  discharge 
is  passed. 

Thomson  Effect— The  production  of  an  electromotive  force  in 
unequally  heated  homogenous  conducting  substances.     The  increase 


Fig.  48. — Thomson  Effect. 
C  is  the  Cool  End  and  W  is  the  Warm  End  of  the  Bismuth  Conductor. 

or  decrease  in  the  difference  of  temperature  in  an  unequally  heated 
conductor,  produced  by  the  passage  of  an  electric  current  through 
the  conductor  (Fig.  48). 

Three-phase — Pertaining  to  an  alternating  current  system  on  which 
three,  simple,  alternating,  sine  wave  e.  m.  fs.,  differing  in  phase  by 
120  degrees,  are  impressed  (Fig.  49). 

Three-phase  Transmission — Transmission  by  means  of  three-phase 
currents. 

Three-wire  System — The  three-wire  system  is  usually  understood 
to  mean  the  Edison  three-wire  system.  The  outer  wires  of  this 
system  refer  to  those  wires  having  maximum  potential  between 
them  and  the  middle  or  neutral  wire  is,  for  a  balanced  system,  at 
zero  potential;  one  outer  wire,  also  called  the  positive  wire,  having 
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a  potential  of  approximately  no  volts  higher  and  the  other  outer 
wire,  also  called  the  negative  wire,  having  a  potential  of  no  volts 
lower  than  the  neutral. 

Torque— The  moment  of  a  force  applied  to  a  meter  or  other 
machine  which  causes-  its  rotation.  The  mechanical  rotary  or  turn- 
ing force  which  acts  on  the  armature  of  a  dynamo-electric  machine, 


Fig.  49- — ^Relation  of  the  Waves  of  Current,  or  e.m.f8.,  in  a  Three-phase  System. 

or  meter,  and  causes  it  to  rotate.  The  ratio  of  the  mechanical 
activity  of  a  motor,  at  its  belt  or  pulley,  to  the  angular  velocity. 

Torsion  Galvanometer — A  galvanometer  in  which  the  strength  of 
a  deflecting  current  is  measured  by  the  torsion  exerted  on  the  sus- 
pension system. 

Transformer — A  stationary  piece  of  apparatus  for  transforming, 
by  electromagnetic  induction,  power  from  one  circuit  to  another,  or 
for  changing,  through  such  transformation,  the  values  of  the  elec- 
tromotive force  or  the  current. 

Two-phase— Pertaining  to  an  alternating  'current  system  on  which 
two  simple,  alternating,  sine  wave  e.  m.  fs.,  differing  in  phase  by  90 
degrees,  are  impressed  (Fig.  50). 


FlC  50. — ^Relation  of  the  Waves  of  Current,  or  e.m.fs.,  in  a  Two-phase  System. 
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;  a  sytem   for  distributing 
)  take 


Two-wire  Sjntein — A  two-wire  syster 
electrical  energy  by  means  of  two  wires. 

Unidirecdoiul  CurrentB — Currents  that  have  been  caused  t 
the  same  direction  by  means  of  a  commutator. 

Vector — A  function  possessing  both  direction  and  quantity. 

Vector  Diagram — A  diagram  representing  the  relations  of  vector 
quantities. 

Vector  Sum — The  geometrical  sum  of  two  or  more  vector  quan- 
tities. Thus,  in  Fig.  43.  by  completing  the  parallelogram  formed  by 
the  vectors  LtuI  and  RI,  and  drawing  the  diagonal,  the  vector  E  is 
obtained,  which  is  the  vector  sum  of  Lul  and  RI.  In  practice,  these 
vectors  are  drawn  free-hand  and  the  resultants  calculated  by  means 


is  maintained  an   e.  m.  f.  — .     It   is  known   that   these  two   < 

2 
differ  90  degrees.    In  Fig.  51,  which  is  a  right  angle  triangle.  0B  = 

y/~OK'-\-  h^' 

i.e.,  E'  = 


v(ir^(T)"=x/<-:y 


Vr 


V' 


TERMINOLOGY,   NOMENCLATURE  AND    UNITS  77 

Volt — ^The  practical  unit  of  electromotive  force.  Such  an  electro- 
motive force  as  is  induced  in  a  conductor  which  cuts  lines  of  mag- 
netic flux  at  the  rate  of  100,000,000  per  second.  Such  an  electromo- 
tive force  as  would  charge  a  condenser  of  the  capacity  of  one  farad 
with  a  quantity  of  electricity  equal  to  one  coulomb. 

The  International  volt,  as  defined  by  the  International  Electrical 
Congress,  which  met  in  Chicago  in  1893,  "  is  the  electromotive  force 
that,  steadily  applied  to  a  conductor  whose  resistance  is  one  Interna- 
tional ohm,  will  produce  a  current  of  one  International  ampere,  and 

1,000 
which    is    represented    sufficiently    well    for    practical    use    by  

1,434 

of   the   electromotive   force   between   the  poles   of  the   voltaic   cell, 

known  as  Clark's  cell,  at  a  temperature  of  15  degrees  C." 

Since  the  Weston  cell  possessed  many  advantages  over  the  Clark 
cell,  it  was  officially  adopted  in  place  of  the  Clark  cell  as  the  stand- 
ard of  electromotive  force  by  the  London  International  Electrical 
Congress  of  1908.  On  January  i,  191 1,  the  U.  S.  Bureau  of  Standards 
adopted  a  new  value  for  the  electromotive  force  of  the  Weston 
normal  cell,  namely: 

E  =1.01830  International  volts  at  20  deg.  C. 

This  is  equivalent  to  an  increase  of  about  0.08  of  one  per  cent  in 
the  value  of  the  International  volt. 

Voltage— The  value  of  the  electromotive  force  or  difference  of 
potential  of  any  part  of  a  circuit,  expressed  in  volts. 

Voltaic  Cell— The  combination  of  two  metals,  or  of  a  metal  and 
a  metalloid  which,  when  dipped  into  a  liquid  or  liquids  called  elec- 
trolytes, and  connected  to  a  conductor,  will  produce  a  current  of 
electricity.    A  voltaic  couple  and  its  accompanying  electrolytes. 

Voltameter— An  electrolytic  cell  employed  for  measuring  the 
quantity  of  electric  current  passing  through  it  by  the  amount  of 
chemical  decomposition  affected  in  a  given  time. 

Voltameter,  Sulphuric  Acid,  or  Water — This  instrument  consists 
of  a  glass  vessel  containing  dilute  sulphuric  acid.  The  electrodes  arc 
strips  of  platinum.  The  current  liberates  oxygen  at  the  anode  and 
hydrogen  at  the  cathode.  The  gases  are  collected  in  separate  ves- 
sels, or  in  a  common  receiver,  in  which  case  the  voltameter  is  given 
the  form  indicated  in  Fig.  52.  Usually,  the  volumes  of  the  liberated 
gases  are  measured,  but  the  German  chemist  Bunsen,  in  whose 
hands  the  most  accurate  results  have  been  obtained  with  the  water 
voltameter,  recombined  the  gases  by  means  of  the  electric  spark, 
and  weighed  ttie  water  thus  formed. 
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Voltmeter — Any  instrument  employed  for  measuring  differences  of 
potential.     (See  Chapter  V.) 

A  voltmeter  may  be  constructed  on  the  principle  of  a  galvanom- 
eter, in  which  case  it  differs  from  an  ammeter  or  ampere  meter, 
which  measures  the  current,  principally  in  that  the  resistance  of  its 
coils  is  greater,  and  that  in  an  ampere  meter  the  coils  are  placed  as 
a  shunt  to  the  circuit. 

In  the  ordinary  operation  of  a  voltmeter,  the  action  of  the  cur- 
rent in  passing  through  a  coil  of  insulated  wire  is  to  produce  a 
magnetic  field,  which  causes  the  deflection  of  a  magnetic  needle. 
Sincfe  the  resistance  of  the  voltmeter  is  constant,  the  current  pass- 
ing, and  hence  the  deflection  of  the  needle  will  vary  with  the  value 
of  the  voltage.  The  magnetic  field  produced  by  the  current  deflects 
the  magnetic  needle  against  the  action  of  another  field,  which  may 
be  either  the  earth's  field  or  an  artificial  field  produced  by  a  per- 
manent or  electromagnet.  Or,  it  may  deflect  it  against  the  action 
of  a  spring,  or  against  the  force  of  gravity  acting  on  a  weight. 
There  thus  arise  varieties  of  voltmeters. 

Watt — A  unit  of  electrical  power.  A  volt-ampere.  The  power 
developed  when  44.25  foot-pounds  of  work  are  done  in  a  minute,  or 
0.7375  foot-pounds  of  work  is  done  in  a  second;  tIb  of  one  horse 
power. 

The  International  watt  is  the  energy  expended  per  second  by  an 
unvarying  electrical  current  of  one  International  ampere  under  an 
electric  pressure  of  one  International  volt. 

Watt-hour — A  unit  of  electric  work.  A  term  employed  to  indi- 
cate the  expenditure  of  an  electric  power  of  one  watt  for  an  hour. 

Watt-hour  Meter— A  meter  for  measuring  electrical  energy  in  watt- 
hours. 

Wattless  Component  of  Current — In  an  alternating  current  cir- 
cuit that  component  of  the  current  which  is  in  quadrature  with  the 
impressed  e.  m.  f.  and  which  therefore  takes  from,  or  gives,  no  energy 
to  the  circuit. 

Wattless  Current — That  component  of  an  alternating  electric  cur- 
rent which  is  in  quadrature  with  the  pressure  and  which,  therefore, 
does  no  work.     The  idle  current. 

Wattless  Electromotive  Force  —  The  wattless  component  of 
e.  m.  f.  'in  an  alternating  current  circuit.  The  reactive  e.  m.  f.,  as  dis- 
tinguished from  the  active  e.  m.  f.  of  an  alternating  current  circuit. 

Wattmeter — An  instrument  for  measuring  the  power  in  any  circuit. 

Wave  Analysis — It  is  sometimes  desired  to  express  analytically  an 
irregular  wave,  such  as  Fig.  34,  taken  by  the  point-to-point  method 
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or  by  an  oscillograph.  The  equation  of  such  a  curve  is  obtained 
on  the  basis  of  the  mathematical  law,  that  any  periodic  curve,  no 
matter  how  irregular,  may  be  represented  by  an  infinite  series  of 
sine  waves,  one  of  which  has  the  same  frequency  as  the  given 
curve,  and  the  rest  have  frequencies  which  are  multiples  of  it.  Thus 
the  wave  shown  in  Fig.  34  is  a  combination  of  three  sine  waves, 
or,  as  they  are  called,  harmonics;  the  fundamental  wave,  the  third 
harmonic,  and  the  fifth  harmonic.  A  rigid  analytical  proof  of  this 
Jaw  (Fourier's  theorem)  would  be  out  of  place  here.  It  will  be  easily 
seen,  however,  without  any  proof,  that  by  suitably  selecting  the  frequency 
and  the  phase  position  of  the  higher  harmonics,  the  shape  of  the  funda- 
mental sine  wave  may  be  distorted  in  almost  any  desired  way. 

When  the  two  halves  of  the  irregular  wave,  above  and  below  the 
axis  of  abscissae,  are  identical,  no  even  harmonics  can  be  present, 
or  harmonics  having  frequencies  2,  4,  6,  etc.,  times  higher  than  the 
given  curve.  Such  harmonics  would  increase  the  ordinates  one  one- 
half  of  the  fundamental  wave,  and  reduce  by  the  same  amount 
the  ordinates  of  the  other  half,  making  the  wave  unsymmetrical, 
which  is  contrary  to  the  assumption  of  its  being  symmetrical. 
Practically  all  the  waves  of  voltages  and  currents,  dealt  with  in 
electrical  engineering,  are  symmetrical  waves,  at  least  those  pro- 
duced by  eletromagnetic  induction.  They  consist,  therefore,  of  the 
fundamental   and   the   odd   harmonics   only. 

Work — When  a  force  acts  on  a  body  the  product  of  the  force 
by  the  distance  through  which  it  acts  in  the  direction  of  the  force 
is  called  the  work  performed  by  the  force.  Thus  when  a  force 
applied  to  a  heavy  body  raises  it  a  certain  vertical  distance,  work  is 
performed  by  the  force,  the  amount  of  the  work  being  the  product 
of  the  force  and  the  distance  of  ascent;  and  when  a  horizontal  force 
draws  a  body  horizontally  the  work  is  the  product  of  the  force  and 
the  horizontal  distance.  The  unit  of  work  is  the  work  done  by  the 
unit  force  in  acting  through  unit  distance.  When  the  dyne  is  taken 
as  unit  of  force  and  the  cm.  as  unit  of  length,  the  unit  of  work  is 
that  performed  by  a  dyne  acting  through  a  cm.  and  is  called  an 
erg.  Since  this  is  a  very  small  unit,  a  multiple  of  it,  namely  10,000,- 
000  ergs,  is  frequently  used  and  is  called  a  joule. 

In  practical  mechanical  work  the  unit  of  time  is  always  one  min- 
ute, and  the  unit  which  measures  the  work  performed  in  a  given 
time  is  the  foot-pound  per  minute.  This  unit  is  called  the  unit  of 
mechanical  power. 

Power  is,  therefore,  rate  of  doing  work,  and  hence  the  power 
exerted   can  always   be   determined   by   dividing   the    work   done    in 
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foot-pounds  by  the  time  in  minutes  required  to  do  it.  In  practical 
electrical  work  the  unit  of  time  is  the  second,  and  the  unit  which 
measures  the  work  performed  in  a  given  time  is  the  joule  per  sec- 
ond. This  unit  is  called  the  unit  of  electrical  power,  and  has  been 
named  the  watt. 

The  equation  or  formula  expressing  the  power  exerted  in  any 
electrical  circuit  is  determined  as  follows:  The  electrical  power  is 
expressed  by  watts  =  joules  per  second;  but  joules  =  volt-coulombs, 
and  hence  joules  per  second  =  volt-coulombs  per  second.  There- 
fore also,  watts  =  volt-coulombs  per  second.  Now,  coulombs  per 
second  =  amperes.  Inserting  this  value  above,  watts  =  volts  X  amperes, 
or  P  =  EL 

When  the  power  is  to  be  expressed  by  the  current  and  resistance,  the 
formula  is  obtained  as  follows:  According  to  formula  P^=EL  Accord- 
ing to  Ohm's  law,  E  =  IR.  Substituting  this  value  of  E=^IR  in  the 
formula  P  =  EIf  we  have 

p=/x/x/e=/'/?. 

When  the  power  is  to  be  expressed  by  the  electromotive  force  and 

resistance,  the  formula  is  obtained  as  follows:  According  to  formula, 

E 
P  =  EL     According  to   Ohm's  law,  /=  w     Substituting  this   value   of 

E  E  ^      E? 

I  =—  in  P  =  £/,  we  have  ^  =  „  ^  ^  "F* 
R  R  R 

Zero  Method — ^Any  method  employed  in  electrical  measurement, 
in  which  the  value  of  the  electromotive  force,  the  resistance,  current 
or  other  similar  quantities,  are  determined  by  balancing  against  such 
quantities  equal  values  of  the  same  units,  and  ascertaining  the 
equality  not  by  the  deflection  of  a  needle  of  a  galvanometer  or  elec- 
trometer, but  by  the  absence  of  such  deflections.    A  null  method. 

Zero  Potential — An  arbitrary  potential  level  from  which  electric 
levels  are  measured.    The  earth's  potential. 


NOMENCLATURE 

Abbreviations  used  in  this  Handbook  are  those  which  have  been 
adopted  by,  the  A.  I.  E.  E.  for  the  purpose  of  shortening  names  when  used 
in  connection  with  definite  numerical  values. 


Name. 

Abbreviation 

Alternating  current, 

spell  out. 

Amperes, 

spell  out. 

Ampere-hour, 

ampere-hr. 

Brake  horse  power, 

b.  h.  p. 

Boiler  horse  power, 

boiler  h.  p. 

British  thermal  units. 

B.  t  u. 

Candle-power, 

c-p. 

Centigrade, 

cent. 

Centimeters, 

cm. 

Circular  mils, 

cir.  mils. 

Continuous  current. 

spell  out. 

Counter  electromotive  force, 

counter  e.  m.  f. 

Cubic, 

cu. 

Diameter, 

spell  out. 

Electric  horse-power. 

e.  h.  p. 

Electromotive  force, 

e.  m.  f. 

Fahrenheit, 

fahr. 

Feet, 

ft. 

Foot-pounds, 

ft-lb. 

Gallons, 

gal. 

Grains, 

Rr. 

Grams, 

g- 

Gram-calories, 

g-cal. 

High-pressure  cylinder, 

spell  out. 

Hours, 

hr. 

Inches, 

in. 

Indicated  horse  power, 

i.  h.  p. 

Kilogram, 

kg. 

Kilogram-meters, 

kg-m. 

Kilogram-calories, 

kg-cal. 

Kilometers, 

km. 

Kilowatts, 

kw. 
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Name. 
Kilowatt-hours, 
Magnetomotive  force, 
Mean  effective  pressure, 
Miles, 

Miles  per  hour,  per  second. 
Millimeters, 
Milligrams, 
Minutes, 
Meters, 

Meter-kilogram  s, 
Microfarad, 
Ohms, 
Per, 

Percentage, 
Pounds, 
Power-factor, 
Revolutions  per  minute, 

Seconds, 

Square, 

Square-root-of-mean-square, 

Ton-mile, 

Tons, 

Volts, 

Volt-amperes, 

Kilovolts, 

Ki  I  ovol  t-ampe  res. 

Watts, 

Watt-hours, 

Watts  per  candle-power, 

Yards, 


Abbreviaticn. 
kw-hr. 
m.  m.  f. 
spell  out. 
spell  out. 

miles  per  hr.,  per  sec. 
mm. 
mg. 
min. 
m. 

m-kg. 
spell  out. 
spell  out. 
spell  out. 

per  cent  (or  %  in  tabular  matter) 
lb. 

spell  out. 
rev.  per  min.  (or  r.  p.  m.  in  tabular 

matter), 
sec. 
sq. 

effective,  or  r.  m.  s. 
spell  out. 
spell  out. 
spell  out. 
spell  out. 
kv. 
kv-a. 
spell  out. 
watt-hr. 
watts  per  c-p. 

yd. 


Use  lower  case  characters  for  abbreviations.  An  exception  to  this  rule 
may  be  made  in  the  case  of  words  spelled  normally  with  a  capital.  Exam- 
ple: "B.  t.  u."  and  not  '' b.  t.  u.."  nor  "  B.  T.  U."  (British  thermal 
unit).  "U.  S.  gal."  (United  States  gallon);  "  B.  &  S.  gauge"  (Brown 
&  Sharpe  gauge). 

Use  all  abbreviations  in  the  singular.  Example:  "  17  lb."  and  not 
"  17  lbs."  (17  pounds).    "  14  in."  not  **  14  ins."   (14  inches). 

Use  a  hyphen  to  connect  abbreviations  in  cases  where  the  words  would 
take  a  hyphen  if  written  out  in  full.     When  a  hyphen  is  used,  omit  the 


TERMINOLOGY,   NOMENCLATURE  AND    UNITS  83 

period  immediately  preceding  the  hyphen.  Example:  **3  kw-hr."  and 
not  **3  kw.-hr."  (3  kilowatt-hours). 

Use  a  period  after  each  abbreviation.  In  a  compound  abbreviation,  do 
not  use  a  space  after  the  period.  Example :  "  i.h.p."  and  not  "  i.  h.  p." 
(indicated  horse  power). 

Never  use  "  P  "  for  "  per,"  but  spell  out  the  word.  Example :  100  ft-lb. 
per  ton"  (100  foot-pounds  per  ton);  "60  miles  per  hr."  (60  miles  per 
hour). 

Use  "  Fig."  not  "  Figure."     Example :  "  Fig.  3  "  and  not  "  Figure  3." 

In  all  decimal  numbers  having  no  units  a  cipher  should  be  placed  be- 
fore the  decimal  point.     Example :  "  0.32  lb."  not  "  .32  lb." 

Use  the  word  "by"  instead  of  **  x  "  in  giving  dimensions.  Example: 
'•  8  by  12  in."  not  "  8  x  12  in." 

Never  use  the  characters  (')  or  (")  to  indicate  either  feet  and  inches, 
or  minutes  and  seconds  as  periods  of  time. 

Use  decimals,  as  far  as  possible,  in  place  of  fractions.  Example:  "1.25 
ft."  not  "  1V4  ft." 

In  general  spell  out  an  adjective  qualifying  the  name  of  a  unit.  Ex- 
ample: "Boiler  h.p."  (boiler  horse  power).  The  exceptions  to  this  rule 
are:  "  i.h.p."  (indicated  horse  power),  "  e.h.p."  (electric  horse  power), 
"  b.h.p."  (brake  horse  power),  "  e.m.f."  (electromotive  force),  "  m.m.f." 
(magnetomotive  force). 

Use  capitals  sparingly;  when  used  as  units,  do  not  capitalize  volt,  am- 
pere, watt,  farad,  henry,  ohm,  coulomb,  etc. 

Do  not  use  the  expression  "  rotary  "  or  "  rotary  converter ;  "  use  "  con- 
verter "  or  "  synchronous  converter." 

Do  not  use  a  descriptive  adjective  as  a  synonym  for  the  noun  de- 
scribed. Example :  a  "  spare  transformer,"  not  a  "  spare ;  "  a  "  portable 
instrument."  not  a  '*  portable ;  "  "  automatic  apparatus,"  not  **  automat- 
ics ;  "  a  '*  short  circuit,"  not  a  "  short." 

Do  not  use  the  expressions  a.c.  current  or  d.c.  current;  a.c.  voltage 
and  d.c.  voltage.  Their  equivalents,  "  alternating-current  current," 
"  direct-current  current,"  "  alternating  current  voltage,"  "  direct  current 
voltage  "  are  absurdities. 

Do  not  use  the  expressions,  "  raising  transformer,"  "  lowering  trans- 
former ; "  these  expressions  are  ambiguous.  Use  "  step-up  transformer," 
"  step-down  transformer." 

Do  not  use  the  words  "  primary  "  and  "  secondary  "  in  connection  with 
transformer  windings.    Use  instead  "  high-tension  "  and  '*  low-tension." 


UNITS 

Symbol. 

Quantity. 

Equation. 

Practical  Units. 

L 

Length 

Meter 

Centimeter 

Millimeter 

M 

Mass 

Kilogram 
Gram 

T 

Time 

Minute 
Second 

Geometrical  Units 

• 

S 

Surface 

L« 

Square  meter 
Square  centimeter 

V 

Volume 

L« 

Cubic  meter 
Cubic  centimeter 

in 

an 
je 

3 

% 


Acceleration 


Force 


Mechanical  Units 

Meters  per  second  per  sec- 
d  velocity  _  dv     on^ 

d  time        dT  Kilometers   per    hour   per 

second 

Kilogram  (weight) 
Ma  Gram 

Dyne 


Pole  strength 

Magnetic  moment 

Field  intensity 

Intensity  of  magnetiza 

tion 
Flux 


Flux  density 
Magnetizing  force 
Magnetomotive  force 


Magnetic  Units 

F 
R 
m  L 

» 
m 

V 
mJCS 

S 
4»N/ 


loL 
4irN/ 

10 


It 
li 


Gauss 


Gauss 


Maxwell 
Gauss 

Gilbert  per  cm. 
Gilbert 
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8S 


Symb(d. 

Quantity. 

V 

Reluctivity 

9e 

Reluctance 

M 

Permeability 

P 

Permeance 

K 

Susceptibility 

W 

Magnetic  enet^ 

Magnetic  potential 

P 

Magnetic  power 

Equation. 
I 

M 

» 

_i 

3C 
^^ 
W 
ttt 


Practical  Units. 


Oersted 


Erg 


Erg  per  sec. 


Electrical  Units 


/.» 


0.5 
E,  e 


Current 
Current  density 

Quantity 
Resistance 

Voltage,  e.m.f., 
potential  difference 

Resistivity 


C,  c  Capacity 

Gt  g  Conductance 

B,  b  Susceptance 

K,  y  Admittance 

f  Conductivity 


Time  constant 


E    Q 

r  r 

I 

s 

IT 

p    E 

/«'  / 

RS 


Q 

E 

R 

Z« 

J£ 

Z« 


E 
R 


\/G«-|-B>  = 


p 

L 


Ampere 

Amperes  per  sq.  inch 
'Amperes  per  sq.  cm. 

Coulomb 
Ampere-hour 

Ohm 

Volt 

Ohm  per  circular  mil-foot 
Ohm  per  centimeter  cube 
Ohm  per  sq.  millimeter  per 
meter 

Farad 

Microfarad 

Mho 
Mho 

Mho 

Mho  per  centimeter  cube 

Second 

Henrv  oer  ohm 
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Symbol.  Quantity. 

r,  t      Period  or  tycle 
/         Frequency 

Coefficient  of  Peltier  effect 


C,  L  Coefficient  of  self  induction 

Xs        Inductive  reactance 

Xc       Condensive  reactance 

X,x      Reactance 
Z,z       Impedance 

P         Electrical  power 


Equaticn. 

I 

/ 
I 

t 

w 

IT 


I 

2irfL 
I 

Xs — Xc 

Vr'+x« 


E  /,  EIcos^ 


W        Electrical  energy 


Power-factor 


Inductance  factor 


PT 


realP 


apparent  P 

wattless  P 

apparent  P 


Practical  Units. 

Second 

Cycles  per  second 
Periods  per  second 


Henry 

Ohm 

Ohm 

Ohm 

Ohm 

Watts 
Kilowatts 

Watt-hour 

Kilowatt-hour 

Joule 


in»   ^  m 


and  B  ^^  should  preferably  be  used  for  maximum  cyclic  values, 
Ef  I  and  P  for  instantaneous  values,  E  and  /  for  r.  m.  s.  values  and  P  for 
the  average  value  or  effective  power.  These  distinctions  are  not  necessary 
in  dealing  with  continuous  current  circuits.  Vector  quantities  are  prefer- 
ably represented  by  bold  face  capitals. 
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CHAPTER   III 
The  Principles  of  Electricity  Meters 

Electricity  is  known  to  us  only  by  the  effects  it  produces  and  its 
presence  is  detected;  and  its  quantity  determined,  according  to  well- 
defined  laws. 

These  manifestations  may  be  placed  under  two  general  classifica- 
tions: those  embraced  in  electrostatics  and  those  embraced  in 
electrodynamics.  Some  bodies  may  be  electrified  by  friction,  for 
example,  a  glass  rod  when  rubbed  with  a  silk  cloth.  Such  a  rod 
will  attract,  or  repel,  very  small  bodies,  electrifying  them  by  induc- 


PiG.  53. — ^Electrostatic  Attraction. 


Pig.  54. — Gold  Leaf  Electroscope. 


tion  (Fig.  53).  The  principle  of  attraction  and  repulsion  between 
electrified  bodies  is  embraced  in  the  field  of  *  electrostatics  and  while 
it  is  used  in  some  laboratory  and  commercial  measuring  instruments, 
its  field  of  usefulness  is  not  extensive  (Figs.  54,  55,  56  and  57). 

The  manifestations  embraced  in  electrodynamics  are  due  to  the 
"  flow  "  of  the  electric  "  current." 

This  use  of  the  word  "  flow  "  and  also  the  word  "  current "  arose 
from  a  misconceived  analogy  between  the  electric  current  and  a 
current  of  liquid  in  a  tube.  Both  terms  will  be  used  in  their  accepted 
sense. 

In  studying  the  electric  current,-  with  a  view  to  its  measurement, 
we  will  have  occasion  to  investigate  the  following  manifestations: 
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(a)  Magnetic  effect,  resulting  from  an  electric  current  in  a  con- 
ductor when  brought  into  a  magnetic  field  produced  by  a  magnet,  or 

(b)  Heating  effect,  produced  by  the  passage  of  an  electric  current 
through  a  conductor. 

(c)  Chemical  effect,  manifested  by  the  decomposition  of  a  solu- 
tion by  the  passage  of  an  electric  current  through  it. 


—Coulomb  Balajl 
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Physiological  effects  are  caused  by  the  passage  of  the  current 
through  the  human  body,  but  these  depend  mainly  upon  the  excita- 
tion of  the  nerves,  and  are  probably  due  either  to  the  healing  effect 
or  to  the  chemical  effect  of  the  current. 

These  three  effects  are  all  utilized  it 
ments  for  the  measurement  of  electric 

Magnetism  was  originally  known  as 
of  iron,  or  the  lodestone  of  the  Chin 
of  attracting  small  panicles  of  iron   (Fig.  58). 

A  magnet,  as  ordinarily  accepted,  is  a  piece  of  steel,  or  other  mag- 
netic substance,  having  two  poles,  a  north  and  a  south,  from  which 


the  design  of  various  instru- 


t  property  of  a  certain  oxide 
>e.  by  which  it  was  capable 
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the  lines  of  force  known  as  ihe  magnetic  field  (Fig.  5g). 
The  lines  of  force  in  the  magnetic  field  from  an  ordinary  bar  magnet 
arc  shown   in   Fig.  60. 

Early  experiments  have  shown  that  a  similar  force  to  that  acting 
on  small  particles  of  iron  by  a  bar  magnet  exists  around  a  conductor 
when  carrying  a  current  of  electricity.  It  was  found  that  if  the  dis- 
charge of  a  Leyden  jar  was  passed  through  a  spiral,  an  enclosed  . 


Fla.  S<J.— St«el  Bai  Magnet. 

needle  was  magnetized,  and  also  that  if  a  wire  carrying  current  were 
dipped  into  iron  filings,  the  filings  clung  to  the  wire,  as  shown  in 
Figs.  61  and  62.  The  path  of  the  field  of  magnetism  is  concentric 
with  the  conductor  carrying  the  current  and  in  any  plane  at  right 
angles  to  the  conductor  is  similar  to  that  shown  in  Fig.  6,1. 

The  direction  of  the  field  is  dependent  entirely  on  the  direction  of 
the  current  in  the  conductor.  The  direction  of  the  field  is  also  shown 
in  Fig.  63. 

It  is  very  important  to  remember  the  relation  between  the  direc- 
tion of  the  Cturent  in  the  conductor  and  the  direction  of  the  result- 
ing magnetic  Unci  of  force.  Many  mnemonical  rules  have  been 
eiven  for  this  purpose,  but  it  will  suifice  to  quote  the  particular  ones 
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which  are  moat  easily  remembered,  and  which  are  applicable  to  the 
greater  number  of  cases. 
The  so-called  right-hand  rule  for  finding  the  direction  of  the  mag- 
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Fic.  6a. — Magneti 


netic  lines  of  force  around  a  conductor  carrying  current   is  stated 
thus: 

If  the  right  hand  is  partially  closed,  and  the  thumb  placed  so  that 
it   points   in   the   direction   of   the   current   flowing   in   the   conductor. 


then  the  direction  of  the  magnetic  lines  of  force  is  indicated  by  the 
other  fidgtTs   (Fig.  64). 

The  direction  of  this  field  may  also  be  found  by  placing  a  com- 
PMS  needle  over  the  conductor,  in  which  case  the  north  pole  of  the 


needle 

Anoi 
by  the 
al  the 
facing 
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■■  also 


ill  point  in  the  directio 
Figs.  63,  65  and  66. 

:r  method  of  finding  the  direction  of  the  magnetic  field  i» 
i-called  right-hand  screw  rule.  Assume  the  current  entering 
ad  of  and  flowing  through,  a  right-hand  screw,  the  observer 
e  head  of  the  screw,  and  the  screw  turned  with  a  clockwise 
The  direction  of  the  magnetic  field  will  then  be  clockwise, 
cally  around  the  screw,  in  the  same  direction  as  the  rota- 
t  the  screw.     Conversely,  assume  the  current  entering  at  the 


Direction  or 


!5d 

ZlZ 
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end  opposite  the  head  of  and  flowing  through  a  right-hand  sen 
the  observer  facing  the  head  of  the  screw  and  the  screw  turned  w 
a  counter-clockwise  motion.  The  direction  of  the  magnetic  field  y 
then  be  counter-clockwise,  concentrically  around  the  screw,  in  1 
same  direction  as  the  rotation  of  the  screw.  It  is  thus  seen,  tl 
if  the  current  be  conceived  to  be  flowing  in  the  direction  of  I 
advance  of  the  screw,  whether  it  is  being  driven,  or  withdrawn,  tl 
the  direction  of  the  lines  of  force,  or  magnetic  fieid,  will  be  I 
direction  in  which  the  screw  is  turned,  that  is,  the  current  flows 
the  direction  the  screw  moves  and  the  lines  of  magnetism  go  in  1 
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Fig.  67.— RiRht-Hand  Screw  Rule. 

Jireclion  you  turn   the   scrtw  driver.      (See   Railway   Eletlrical   Kngi- 
leer.  Vol.  III.  No.   10.)      (Fig.  67.) 
When  the  current  flows  in  a  conductor,  a  magnetic   field  exists 
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concentrically  around  it  as  explained  above.  If,  however,  a  magnetic 
field,  from  a  permanent  bar  magnet,  for  example,  be  moved  in  the 
vicinity  of  a  closed  conductor,  an  induced  current  flows  in  the  con- 
ductor and  the  phenomenon  is  known  as  electromagnetic  induction. 
Inasniuch  as  a  current  flows,  a  field  is  set  up  in  turn  by  the  induced 
this  field  being  opposite  in  direction  to  the  inducing  field 


of  the  magnet.  In  other  words,  there  i 
tween  the  magnet  and  conductor  when  i 
the  other. 

Since  the  earth  is  a  large  magnet,  it  a 
fore  mechanically,  upon  a  wire  carrying  ai 


be- 


1  magnetic  repul: 

:  is  being  approached 


i  magnetically  and   there- 
electric  current  and  freely 


Magnet  on  a  Fio.  70.— Relation  Between  Magnetic  Pola^ 

suspended.  If  the  wire  is  twisted,  or  wound,  into  a  spiral,  or 
•olenoid,  as  in  Fig,  68,  and  suspended  by  conducting  pivots  A  and 
B,  this  effect  can  be  best  shown.  The  arrow  heads  show  the  direc- 
tion of  current  in  the  spirals  of  solenoid,  and  those  placed  on  the 
spirals  are  supposed  lo  be  on  the  front  parts  of  the  wires.  The 
wiring  passjng  down  the  center  of  the  solenoid,  while  it  represents 
the  direction  of  the  current,  will  equally  represent  the  directian  of 
the  magnetic  lines  of  force  through  the  center  of  the  solenoiti,  iJ'e 
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magnetic  polarity  of  the  solenoid  being  indicated  by  the  letters  N 
and  S.  A  solenoid  of  this  character,  when  carrying  current,  will 
therefore  be  equivalent  to  a  bar  magnet  in  its  action  and  will  behave 
just  like  a  horizontal  compass  needle,  and  has,  therefore,  all  the 
properties  of  a  magnet.  If,  then,  the  north  pole  of  a  bar  magnet 
be  brought  near  N  (Fig.  69),  the  latter  will  be  repelled.  On  the 
other  hand,  it  will  be  attracted  by  the  south  pole  of  a  bar  magnet. 
The  mnemonical  rules  given  above  for  remembering  the  relation 
between  the  current  in  a  straight  conductor  and  the  concentric  mag- 


PiG.  71. — Corkscrew  Rule. 

netic  field  around  it  can  be  easily  modified  to  indicate  the  relation 
between  the  current  in  the  helical  conductor  and  the  magnetic  lines 

of  force  passing  through  the  solenoid  (Fig.  70),  but  the  following 
seems  to  be  a  more  logical  and  easily  remembered  rule.  It  is  known 
as  the  corkscrew  rule  and  is  as  follows:  If  the  current  be  supposed 
to  circulate  in  the  spirals  of  a  corkscrew  in  the  direction  of  rotation 
of  the  screw,  the  direction  of  the  magnetic  lines  along  the  axis  will 
be  that  of  the  line  of  advance  of  the  corkscrew.  Now  the  magnetic 
lines  emerge  from  a  magnet  at  the  north  pole,  and  ther^efore  in  the 
above  case  the  forward  moving  end  of  the  corkscrew  (whether  front 
oV  back)   will  act  as  north   pole.     The  rule  is  illustrated   in   Fig.  71. 
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in  which  the  arrows  show  the  direction  of  the  current.  If  the  cork- 
screw be  turned  in  this  direction  it  will  move  downward,  and  the 
rule  tells  us  that  this  is  the  direction  of  the  magnetic  lines  along 
the  axis;  consequently,  if  a  piece  of  iron  be  placed  along  the  axis 
as  shown,  it  will  be  magnetized  so  that  its  lower  end  is  the  north 
seeking  pole. 

In  "  General  Physics  "  by  Hastings  and  Beach,  the  laws  of  current 
induction  are  thus  stated: 

"Any  change  in  the  magnetic  field,  with  respect  to  a  conductor, 
induces  a  current  in  the  conductor  whose  direction  is  such  as  to 
oppose  the  change  which  produced  it,  and  the  induced  electromotive 
force  is  proportional  to  the  rate  of  change  of  the  field. 

*'The  rule  for  the  direction  of  the  induced  currents,  so  far  as 
it  relates  to  those  arising  from  the  actual  motion  of  the  conductors, 
or  of  magnets,  was  first  stated  by  Lenz,  and  is  commonly  known  as 
Letups  law.** 

The  above  conditions  are  expressed  concisely  in  Lenz's  law  as 
follows: 

"  In  all  cases  of  electromagnetic  induction  the  direction  of  the 
induced  current  is  such  as  to  tend  to  stop  the  motion  produc- 
ing it." 

As  again  stated  in  the  above  textbook:  "  Another  statement  of  the 
law  of  induced  currents,  in  the  language  of  Faraday,  is,  that  the 
induced  electromotive  force  is  proportional  to  the  number  of  lines 
of  force  which  are  cut  per  second  by  the  conductor.  Another  state- 
ment of  the  law  of  induced  currents,  due  to  Maxwell,  is,  that  the 
induced  electromotive  force  in  any  circuit  is  equal  to  the  rate  of 
decrease  of  the  magnetic  induction  through  the  circuit. 

"The  direction  of  the  induced  current  is  here  called  positive  with 
respect  to  the  field,  when  the  relations  are  those  considered  in  the 
right-handed  screw  rule." 

In  Wiener's  "  Dynamo  Electric  Machines,"  tbe  following  mncmon- 
ical  rule  is  given: 

"The  direction  of  the  current  flowing,  due  to  the  induced  elec- 
tromotive force  in  any  conductor  depends  upon  the  direction  of  the 
lines  of  force  and  upon  the  direction  of  the  motion,  and  can  be  deter- 
mined by  appplying  the  well-known  finger-rule  of  Professor  Fleming. 
The  directions  of  the  magnetic  lines,  of  the  motion,  and  of  the  cur- 
rent being  perpendicular  to  each  other,  three  fingers  of  the  hand, 
placed  at  right  angles  to  one  another,  are  used  to  determine  any  one 
of  these  directions,  when  the  other  two  are  known.  To  And  the 
direction  of  the  induced  electromotive  force  the  right  hand  is  em- 
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ployed,  being  placed  in  such  a  position  that  the  tJCumb  points  in  the 
direction  of  the  magnetic  lines  (of  density  JC)  and  the  Middle 
finger  in  the  direction  of  the  Motion  (Fig.  72),  when  the  Fore- 
finger will  indicate  the  direction  of  the  Flow  of  the  current.  Con- 
versely, the  direction  of  the  motion  which  results  if  a  conductor 
carrying  an  electric  current  is  placed  in  the  magnetic  field  of  a  mag- 
net, is  obtained  by  using  in  the  same  manner  the  respective  fingers 
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Fig.  72.— Right-Hand  Finger-Rule. 


Fig.  73- — Left- Hand  Finger-Rule. 


of  the  left  hand,  as  shown  in  Fig.  7z^  and  then  the  Middle  finger 
will  point  to  the  direction  in  which  the  Motion  of  the  conductor  will 
take  place." 

When  a  wire  is  forced  through  a  magnetic  field  as  shown  in  the 
moving  picture  series  of  Fig.  74,  it  gathers  lines  of  force  about  it 
in  the  direction  as  shown,  and,  remembering  our  screw  driver  rule 
that  a  screw  turned  in  the  direction  shown  would  come  out,  the 
current  in  this  wire,  Fig.  74,  will  flow  toward  the  reader.  If  it 
were  pushed  upward,  again  the  magnetic  lines  would  be  gathered  in 
the  reverse  direction  and  the  current  would  flow  away  from  you. 

Lenz's  law,  and  the  other  laws  and  principles  elucidated  above,  arc 
made  use  of  in  many  of  the  principal  measuring  instruments  of  the 
present  time,  and  are  the  most  important  fundamentals  in  the  field 
of  electricity. 

The  foregoing  principles  of  electromagnetic  induction  are  applic- 
able to  alternating  currents  as  well  as  unidirectional,  or  continuous, 
currents.    In  alternating  current  fields  the  direction  of  the  magnetic 
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field  is  constantly  changing,  corresponding  to  the  frequency  of  the 

These   principles,   therefore,   are   utilized    in   the   design   of   eontin- 


— Development  of  Lines  ol  Force  Arouad  a  Wire  Moved  tluough  a  Magnetic  I^ck 


nous,    or    alternating,    current    electricity    meters    and    in 

which  are  described  in  the  following  pages,  as  may  be  exemplified 

by   ihe  el ectrodynamo meter  and  motor  types  of   instrunieiils   and  meters 


utitizing  the  magnetic  effects  ( Figs.  75  and  76)  ;  the  hot  wire  and 
expanded  fluid  types  of  instruments  and  maximum  load  indicators, 
utilizing  (he  heating  effects  (Figs.  77  and  78),  and  the  electrolytic 
in<tr>impnt<i  and  meters  utilizine  the  chemical  effects   (Fie  7o).     The 
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application  of  these  principles  to  the  different  types  of  watt-hour 
meters  and  electricity  meters  utilized  in  measuring  the  consumption 
of  electrical  energy  in  a  circuit  will  be  reviewed  in  this  chapter. 

The  function  of  an  electricity  meter  is  to  integrate — i.  c.,  sum  up — 
and  to  register  in  commercial  units  the  electrical  energy  supplied 
through  it  to  a  circuit. 

Ammeters,  voltmeters,  indicating  wattmeters,  dynamometers,  and 
similar   apparatus,   will    here   be   considered   as   ''instruments" — not 


Load 


^curce 


Pig.  77— Diagram  of  Whitney  Hot  Wire 
Type  of  Voltmeter. 


Fig.  78. — Diagram  of  Wright  Demand 
Indicator. 


meters — since  they  merely  indicate  the  amperes,  volts  and  watts, 
without  respect  to  the  time  element  which  is  included  in  the  generally 
accepted  commercial  units  of  electrical  energy.       (See  Chapter  V.) 

Maximum  load  indicators,  and  similar  apparatus,  indicate  the  maxi- 
mum load,  and  will  not  be  considered  in  this  chapter,  since  they  do 
not  integrate.     (See  Chapter  XVII.) 

Curve,  or  chart-drawing  instruments,  being  graphic  recording  in- 
struments, will  not  be  considered,  as  they  merely  record  on  a  disk, 
or  strip,  of  paper  the  passing  load  for  each  instant  and  do  not  integrate 
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it.     The  chart   from  a  recording  ammeter,  or  wattmeter,  can  be  i 
grated   by  determining  the   average  amperes  and    watts    for   each 
of  time,  and  then  taking  the  sum  of  such  averages,  or  by  the  iisi 
special   planimeters.     (See  Chapter  XVH.) 

it  is  the  intention  here  to  consider  only  integrating  mete; 
when  using  the  term  meter  it  is  to  be  remembered  that  it  is  the 
integrating  meter  to  which  reference  is  made. 

Electricity  meters  may  be  divided  into  two  general  classes,  viz.,  am- 
pere-hour meters  and  watt-hour  meters.  In  the  early  period  of  de- 
velopment, electricity  meters  of  the  ampere-hour  class  received  the 
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most  attention  and  were  most  in  demand.  This  was  due  to  their 
simplicity  and  consequent  low  cost,  and  also  to  the  fact  that  the  wait- 
hour,  or  energy,  meters  were  then  practically  limited  to  a  single  de- 
sign, that  of  the  motor  type;  whereas  there  was  a  number  of  prin- 
ciples that  could  be  applied  in  the  design  of  ampere-hour  meters;  as, 
fnr  instance,  motor  and  electrolytic. 

Meters  of  the  ampere-hour  class  designed  on  the  induction  prin- 
ciple had  an  advantage,  in  many  respects,  over  the  electrolytic  meters 
and  also  over  motor-type  meters  of  the  wait-hour- class.  The  am- 
pere-hour meters  were  simple  in  construction,  neat  and  small  in 
design,  easily  connected  to  the  circuit,  and  provision  was  made  for 
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readily  adjusting  and  calibrating  them  in  service.  The  moving 
element  was  light  in  weight,  the  meters  were  free  from  shunt  losses, 
the  first  cost  was  comparatively  low  and  the  cost  of  maintenance 
was  very  reasonable.  Ampere-hour  meters  of  the  chemical  type 
were  unsatisfactory,  as  the  consumer  could  not  determine  the  amount 
of  the  consumption,  and  these  meters  required  too  much  attention, 
and  the  cost  of  maintenance  was  too  high. 

Early  in  the  development  of  the  commercial  utilization  of  electricity, 
however,  the  Edison  chemical  type  of  electricity  meter  was  designed  and 
used  for  the  measurement  of  consumption  of  electrical  energy  in  elec- 
tric lighting  systems.  It  was,  however,  an  ampere-hour  meter  and  de- 
pended upon  the  principle  of  the  voltameter.  A  portion  of  the  current 
was  passed,  by  means  of  a  shunted  circuit,  from  one  of  two  zinc  plates 
to  the  other,  through  a  solution  of  sulphate  of  zinc  in  which  the  plates 
were  immersed.  Zinc  was  deposited  from  the  positive  plate  on  to  the 
negative,  in  direct  proportion  to  the  number  of  ampere-hours  of  current 
which  had  been  supplied  to  the  circuit  (Fig.  79). 

This  type  of  meter  has  given  place  to  the  later  motor  types  of  electricity 
meters.  Further  reference  to  this  type  of  meter  will  be  found  at  the 
end  of  this  Chapter. 

In  the  use  of  ampere-hour  meters  of  the  early  induction  motor  types  a 
number  of  vital  points  must  be  given  due  consideration.  Older  meters  of 
this  class  and  type  invariably  have  a  low  torque,  consequently  any 
change  in  friction  materially  affects  their  accuracy,  especially  on 
light  loads,  and  frequently  the  larger  capacity  meters  of  this  early 
class  will  not  register  at  all  until  the  load  has  reached  several 
amperes. 

Where  the  drag  on  the  moving  element  is  produced  by  the  fan 
method,  the  accuracy  of  such  a  meter  is  affected  by  barometric 
changes.  Inasmuch  as  ampere-hour  meters  are  not  energy  meters, 
definite  voltage.  As  the  voltage  on  the  system  may  vary  somewhat 
from  the  fixed  standard,  it  is  evident  that  the  ampere-hour  class  of 
meters  will  not  always  register  the  true  am6unt  of  energy. 

When  ampere-hour  meters  are  used  on  alternating  current  cir- 
cuits, they  are  suitable  only  for  purely  non-itlductive  loads,  and  will 
not  give  accurate  results  if  connected  to  circuits  supplying  motors 
or  other  inductive  translating  devices,  as  they  will  record  the  watt- 
less current,  as  well  as  the  energy  current. 

Some  of  the  early  types  of  ampere-hour  meters  were  calibrated 
in  lamp-hours.  The  manufacturer,  or  lighting  company,  determined 
the  average  current,  that  is,  amperes  consumed  by  the  lamps  in  use 
(this  amount  of  current  for  an  interval  of  one  hour  being  called  9. 
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lamp-hour),  and  the  meters  were  calibrated  accordingly.  Other 
ampere-hour  meters  were  calibrated  in  watt-hours,  the  normal  volt- 
age of  the  circuit  being  taken  as  the  voltage  at  which  the  current 
was  consumed.  The  majority  of  the  ampere-hour  meters,  however, 
were  calibrated  to  indicate  directly  in  ampere-hour  units.  Most  of 
these  early  types  of  meters  have  become  obsolete,  and  only  a  few 
are  now  in  use  (Fig.  80). 

The  present  types  of  ampere-hour  meters  are  described  in  Chapter  XVI. 

It  was  formerly  the  general  practice  of  the  manufacturers  and  others 
to  speak  of  watt-hour  meters  simply  as  *'  wattmeters."  This  practice 
was,  however,  apt  to  be  misleading,  and  it  is  more  correct  to  call  them 
integrating  wattmeters,  or  watt-hour  meters;  the  last  term  has  now  been 
standardized. 

A  watt-hour  is  equivalent  to  the  energy  of  one  watt  expended  during 
one  hour,  and  a  kilowatt-hour  is  1,000  watt-hours.  The  following 
is  therefore  evident  (Chapter  II): 

1000  watts  expended  for  i  hour  =1000X1,      or  1000  watt-hours 

2000      "           "             "     0.5  "    =2000X0.5     "    1000      "      " 

4000      "           "             "     0.25  "    =4000X0.25   "1000      "      " 

500      "           "             "2  "=  500X2        "    1000      "      " 


Thus  a  watt-hour  meter  may  be  viewed  as  a  meter  that  automat- 
ically multiplies  the  passing  load  in  watts  by  the  time  and  records 
the  product,  or  energy,  on  a  dial  face  of  its  register. 

At  the  present  time  thje  majority  of  the  manufacturers  are  supply- 
ing to  the  general  market  only  watt-hour,  or  energy,  meters,  but  the 
tendency  to  again  utilize  an  ampere-hour  meter  of  economical  contruction 
and  fair  accuracy  is  strongly  forcing  itself  forward  in  order  to  make  the 
profitable  service  of  the  large  number  of  very  small  consumers  possible. 
It  would,  however,  be  developed  for  this  specific  purpose  only,  as  watt- 
hour  meters  are  highly  satisfactory  for  all  other  purposes. 

The  early  types  of  motor  meters  of  the  watt-hour  class  were  some- 
what crudely  constructed,  being  large  and  heavy  and  having  many 
other  objectionable  features.  There  was  no  provision  for  adjust- 
ments or  means  for  compensating  for  friction.  The  moving  ele- 
ment was  very  heavy  and  the  accuracy  curve  was  not  all  that  could 
have  been  desired.  The  early  meters  of  this  class  have  become  obso- 
lete, and  very  few  are  now  in  service,  having  been  rephiced  by  the  more 
modem  types,  for  the  description  of  which  sec  Chapter  XVI. 

Many  very  marked  improvements  have  been  made  in  the  recent 
watt-hour   meters,    among   which   are   provisions    for   adjusting   the 
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meters  while  in  service,  the  reduction  in  the  weight  of  the  moving 
element,  thereby  insuring  a  longer  life  of  the  jewel,  and  conse- 
quently more  permanent  calibration.  The  shunt  losses  have  also 
been  reduced  to  about  one-third  of  the  former  amount,  and  the  gen- 
eral dimensions  and  weight  have  been  reduced,  consequently  the 
meters  are  more  compact  and  of  more  pleasing  design. 

The  types  of  meters  now  manufactured  for  the  American  market 
may  be  divided  as  follows: 

Type  Designed  for  Class 

Electrolytic Continuous  current  Ampere*hour  meter 

{Continuous  current  Ampere-hour  meter 

Continuous  current  Watt-hour  meter 

Alternating  current  Watt-hour  meter 

Commutated Continuous  current  Watt-hour  meter 

Induction Alternating  current  Watt-hour  meter 

The  principle  of  the  induction  watt-hour  meter  is  quite  similar  to 
that  of  a  rotating-field  induction  motor;  and,  in  general,  depends 
upon  the  production  of  a  torque  or  turning  moment  in  a  movable 
closed  secondary,  or  rotating  element,  by  means  of  a  rotating  magnetic 
field;  this  field  being  established  by  the  combination  of  the  magnetic  fields 
produced  by  the  series  and  shunt  elements.  The  interaction  between 
the  fields  and  the  opposing  fields  of  the  currents  induced  in  the 
moving  element  cause  the  secondary,  or  rotor,  to  turn;  its  speed 
being  directly  proportional  to  the  passing  energy.  To  obtain  this 
speed  relation,  the  generally  used  magnetic  brake  is  employed  to 
provide  a  retarding  torque  which  is  proportional  to  the  speed. 

In  the  early  development,  experimenters  discovered  many  of  the  phe- 
nomena embodying  the  elementary  principles  upon  which  the  modern  in- 
duction apparatus  has  been  developed.  One  of  the  most  important 
discoveries  was  that  the  spinning,  or  revolving,  of  a  metallic  disk  over 
which  was  suspended  a  magnetic  needle  would  tend  to  rotate  the 
needle  in  the  direction  of  the  rotation  of  the  disk.  This  effect,  first 
called  the  magnetism  of  rotation,  is  now  generally  known  as  Ara- 
go*s  rotation   (Fig.  21).     Similar  effects  were  observed  by  many  experi- 

« 

menters,  some  of  whom  also  discovered  that,  by  reversing  the  preceding 
experiments,  rotation  of  a  suspended  metallic  disk  could  be  produced 
by  rotating  a  permanent  magnet  placed  directly  beneath  the  disk;  (Fig. 
23)  ;  the  poles  of  the  permanent  magnet  being  arranged  so  that  when 
tJie  magnet  was  rotated  the  magnetic  flux  passed  through  the  disk  and 
cut  it. 
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A  nan -magnetic,  metallic  dii^k  suspended  so  as  to  be  free  to  rotate, 
under  which  is  placed  a  permanent  steel  magnet,  arranged  to  be  inde- 
pendently rotated,  is  the  mast  simple  form  of  induction  motor  of  which 
the  mind  can  conceive. 

When  the  permanent  magnet  is  rotated  the  field,  or  magnetic  flux, 
from  (he  magnet  cuts  the  metallic  disk,  thus  inducing  eddy  currents 
therein  producing  magnetic  fields  having  polarities  that  oppose  the  lield 
that  originally  produced  them  (Fig.  22).  It  is  therefore  evident  that  as 
the  disk  is  free  to  rotate  it  will  endeavor  to  maintain  a  relative  posi- 
tion  so  that  there  will  be  the  least  cutting  of  the  field  of  the  perma- 


nent   magnet ;    that    is,    the    disk   will    revolve    in    (he   same   direction    as 
the  magnet. 

The  direction  of  the  induced  current  in  the  disk  will  be  at  right  angles 
to  the  direction  of  rotation  and  to  the  direction  of  the  magnetic  flux 
producing  it.  The  polarity  established  by  the  eddy  currents  flowing  in 
ihe  portion  of  the  disk  that  is  just  coming  under  the  magnet  pole  will 
lie  the  same  as  the  polarity  of  the  pole  inducing  it,  thus  producing  a 
rclalivc  repulsion  or  thrusting  efl^cct.  The  polarity  of  the  eddy  currents 
in  the  portion  of  the  disk   over  which  the   magnet   has  just   passed   will 
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be  of  opposite  polarity  to  the  pole  producing  it  (Fig.  22),  consequently 
an  attraction  exists  that  also  tends  to  retard  the  relative  motion.  The 
disk  is  therefore  caused  to  rotate  in  the  direction  of  the  rotating  magnet. 
The  mode  of  operation  of  this  simple  form  of  rotating  field  induction 
motor  is  quite  similar  to  the  method  of  operation  of  an  alternating  current 
induction  meter. 

In  the  first  form  of  induction  motor  made  (Fig.  81),  rotation  of 
a  non-magnetic  metallic  disk  was  produced  by  means  of  four  fixed  elec- 
tromagnets, energized  in  such  a  manner  as  to  cause  the  magnetism  to 
shift,  progressively,  between  the  poles,  thus  inducing  eddy  currents  in 
the  disk,  and  by  the  reaction  the  disk  was  caused  to  rotate  in  the  direc- 
tion of  the  progression  of  the  magnetic  poles.  In  this  arrangement  the 
electromagnets  were  energized  with  continuous  current,  and  the  shift- 
ing of  the  poles  was  accomplished  by  means  of  a  suitably  arranged  com- 
mutating  device.  By  this  method  a  shifting  magnetic  field  was  ob- 
tained, which  is  essential  to  produce  rotation  of  the  moving  element 
(Fig.  82). 

The  theorem  that  a  true  rotating  magnetic  field  can  be  produced 
by  combining  the  magnetic  fields  of  two  alternating  currents,  of  ex- 
actly the  same  frequency  and  amplitude,  which  differ  in  phase  by  90 
degrees — or  are  in  quadrature — ^will  be  considered  graphically. 

Referring  to  the  diagram  in  Fig.  83,  the  curves  A  and  B  represent 
two  sinusoidal  alternating  currents  differing  in  phase  by  a  quarter  period, 
or  90  degrees;  or,  they  are  in  quadrature.  The  magnetic  field  produced 
by  the  current  A,  being  also  sinusoidal,  may  be  represented  as  traveling 
along  the  line  X-X\  rising  toward  X  and 'falling  toward  X\  Likewise 
the  magnetic  field  produced  by  the  current  B  may  be  represented  as 
traveling  along  the  line  K-K',  rising  along  the  line  toward  Y  and  falling 
toward  Y'  (Fig.  84).  The  magnetic  fields  produced  have  the  same  period 
and  amplitude,  but  are  constantly  changing  in  strength  and  have  a  90- 
degree  phase  relation,  or  phase  angle. 

It  is  evident  that  when  the  magnetic  field  produced  by  ^  is  at  a 
maximum,  B  is  zero,  and  produces  no  field,  therefore  the  resultant  field 
lies  along  the  line  OX,  having  a  strength  as  represented  by  the  line  OA, 
Now,  as  the  field  of  A  decreases,  represented  by  OA^  and  point  A^  on 
the  curve,  the  strength  of  the  field  of  B  gradually  increases,  as  repre- 
sented by  OB*,  and  point  B*  on  the  curve,  along  the  line  OY.  By  combin- 
ing these  two  forces  or  magnetic  fields,  the  resultant  field  OR^  is  pro- 
duced. It  is  also  evident  that  when  the  field  of  A  has  decreased  to  A^  the 
field  of  B  has  increased  to  B*,  and  by  combining  these  two  fields  the 
resultant  field  OR*  is  produced.  As  the  field  of  A  decreases  further  to  the 
)oint  A  •  the  field  of  B  will  increase  to  the  point  B  *,  producing  the 
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resultant  field  0R\  Likewise,  when  the  field  of  A  has  become  zero, 
the  field  of  B  has  its  maximum  value  and  the  resultant  field  is  rep- 
resented by  OB  along  the  line  OY. 


Field  due  to 
A  Current. 


Field  dueio 
B  Current 


70*     5I5^      360« 


Fig.  84. 

Pigs.  83-64. — ^Two  Alternating  Cttrrents,  in  Quadrature,  Shown  in  Wave  Form,  and  the 

Resultant  Rotating  Field  Produced  by  Combining  the  Fields  of  the  Two  Currents. 

It  is  clear  that  the  resultant  magnetic  field  has  gradually  been  shift- 
ing, or  rotating,  in  a  counter-clockwise  direction,  and  if  the  resultant 
field  be  plotted  for  the  remainder  of  the  cycle  it  will  be  found  to 


112  ELECTRICAL  METERMAN'S   HANDBOOK 

rotate  uniformly  around  the  point  O,  as  indicated  by  O/?*,  OR*,  0R\  et 
cetera,  and  will  be  of  uniform  strength,  as  represented  by  the  radii. 
Thus  the  combination  of  two  magnetic  fields  that  vary  in  the  proper 
manner  will  produce  a  constantly  rotating  magnetic  field,  the  magnitude 
of  which  will  be  the  same  throughout  the  cycle. 

The  production  of  a  rotating  magnetic  field  by  a  two-phase  cur- 
rent, and  its  application  to  induction  motors  is  explained  below. 

As  shown,  a  rotating  magnetic  field  can  be  produced  by  two  alter- 
nating currents,  differing  in  phase  relation  by  90  degrees.  The  rotat- 
ing field  thus  obtained  may  be  utilized  to  cause  the  rotation  of  non- 
magnetic, metallic  disks  and  cylinders  by  means  of  the  eddy  currents 
established  in  them.  The  production  of  rotation  in  this  manner  is 
the  real  foundation  from  which  inductiqn  motors  and  induction 
watt-hour  meters  have  been  developed,  this  being  the  principle  that  was 
employed  in  the  first  form  of  alternating  current  induction  motor  pro- 
duced. 

Two  alternating,  sinusoidal  currents  having  a  90-degree,  or  two-phase, 
relation  may  be  represented  in  wave  form  as  shown  in  Fig.  85  a.  The 
curve  C  represents  the  magnetic  field  produced  by  one  current,  and  the 
curve  D  represents  the  magnetic  field  produced  by  the  current  in  quad- 
rature. The  ordinates  marked  i  to  99,  inclusive,  divide  equally  the  com- 
plete cycle,  so  that  the  magnitude  of  the  magnetic  fields  produced  by  the 
two  currents  may  be  considered  at  different  instants. 

The  application  of  the  two  currents,  as  stated,  to  an  induction  motor 
having  four  poles  symmetrically  arranged  around  a  closed  circuit 
metallic  armature  is  shown  in  Fig.  86,  &,  c,  d  and  e.  These  diagrams 
also  indicate  the  manner  in  which  the  resultant  magnetic  field  is 
developed  and  rotates. 

Assume  that  the  coils  of  the  motor  on  the  poles  marked  C  and 
C  which  are  diametrically  opposite,  are  connected  across  the  cir- 
cuit, of  which  C  is  the  current  curve,  and  that  the  coils  on  the  poles 
marked  D  and  D',  which  are  also  diametrically  opposite,  are  con- 
nected to  the  circuit,  giving  the  curve  D. 

The  direction  of  the  magnetic  fields  established  at  the  instant  rep- 
resented where  ordinate  2  intersects  the  curves  will  be  N-S  from 
the  pole  C  to  D'  and  from  D  to  C  as  shown  in  b. 

At  the  instant  represented  by  ordinate  3  the  field  produced  by  the 
current  C  will  be  at  its  maximum  and  have  a  direction  N-S  from  pole 
C  to  C,  as  shown  in  c,  while  at  the  same  instant  current  D  is 
crossing  the  zero  line,  changing  from  a  negative  to  a  positive  value 
and  hence  producing  no  field. 

At  the  instant  represented  where  ordinate  4  intersects  the  curves, 
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Fic.  85. 


Pig.  86. 

Pics.  85-86. -Direction  of  the  Magnetic  Plux.  at  Given  Instants  During  a  Half  Cycle. 
Produced  by  Applying  Two  Alternating  Currents,  having  a  90  Degree  Displacement. 
to  a  Poor-pole  Motor. 
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both  currents  have  positive  values  and  the  magnetic  field  produced 
as  shown  in  «/  is  N-S  from  pole  C  io  D  and  from  pole  D*  to  C\ 

At  the  instant  represented  where  ordinate  5  intersects  the  curves, 
the  field  produced  by  current  D  will  have  a  maximum  value;  at  the 
same  instant  current  C  will  be  crossing  the  zero  line,  changing  from 
a  positive  to  a  negative  value  and  will  therefore  produce  no  field. 
The  direction  of  the  field  produced  by  current  D  is  N-S  from  D'  to  D, 
as  shown  in  e. 

If  the  same  method  is  employed  to  follow  the  direction  and  rela- 
tion of  the  fields  at  the  different  instants,  throughout  a  complete 


2    Phase 


A/ferpof'/ng  Current 


Pig.  87. — Application  of  Two-phase  Alternating  Currents  to  Produce  a  Rotating  Magnetic 

Field. 

cycle,  it  will  be  noted  that  the  magnetic  poles  progress,  or  shift, 
and  that  a  traveling  field  is  established  which  rotates  in  a  clockwise 
direction. 

It  has  been  shown  that  a  rotating  magnetic  field  may  easily  be 
established  by  two  alternating  currents  having  a  90  degree  phase 
difference,  when  the  field  coils  are  connected  independently  to  dif- 
ferent phases,  as  shown  in  Fig.  87,  but-  it  is  important  to  consider 
the  results  that  will  be  obtained  if  the  fields  of  a  similarly  con- 
structed motor  are  connected  to  a  aingle-phaac  circuit. 
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Fig.  88  shows  the  fields  of  an  induction  motor  with  the  diametri- 
cally opposite  poles  connected  in  series,  the  two  pairs  P-P'  and 
S'S'  being  connected  in  multiple  to  a  single-phase  circuit.  As  the 
currents  in  the  two  circuits  have  the  same  phase  relation,  the  mag- 
netic fields  produced  are  also  in  phase  and  will  rise  and  fall  simul- 
taneously in  both  circuits,  reversing  in  direction  with  each  reversal 
of  the  alternating  current  wave.  The  magnetic  fields  produced  will  alter- 
nate   between   the   poles   P  and   5"   and   S   and   P',   as    shown   by   the 
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Pig.  88. — ^Fietd  of  a  Single-pliase  Current,  Alternating  Between  the  Poles  of  an  Induction 

dotted  lines  in  the  diagram,  therefore  no  rotating  field  traveling  from 
one  set  of  poles  to  the  other  will  be  established. 

It  has  been  clearly  demonstrated  that  a  rotating  magnetic  field 
can  be  established  by  a  combination  of  fields  produced  by  alternating 
current  circuits  having  two  phases,  and  this  is  the  principle  that  is 
so  generally  applied  in  alternating  current  polyphase  induction 
motors.  However,  in.  the  design  of  alternating  current  induction 
watt-hour  meters  it  is  not  necessary  to  use  a  polyphase  circuit,  as  a 
simple  method  may  be  employed  to  produce  a  rotating  field  by  means 
of  a  single-phase  current. 

In   this  method   two   independent   branch   circuits   are   necessary, 
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both  being  connected  in  parallel  to  the  mains  of  a  single-phase  cir- 
cuit, as  shown  in  Fig.  89.  A  non-inductive  resistance,  /?,  is  connected 
in  series  with  branch  circuit  A,  causing  practically  no  phase  dis- 
placement. A  coil,  L,  having  a  very  high  inductance  and  a  small 
resistance,  is  connected  in  series  with  branch  circuit  B.  This  pro- 
duces a  phase  displacement  between  the  currents  in  the  branch  cir- 
cuits that  approaches  90  degrees  sufficiently  to  produce  a  rotating 


Single     Phase  /?-C    Circuit 


Fig.  89. —  Method  of  Applying  a  Single-phase  Current  to  a  Four-pole  Induction  Motor  so 

as  to  Produce  a  Rotating  Field. 

magnetic  field.     It  is  this  principle  of  which  advantage  is  taken  in  the 
design  of  all  alternating  current  induction  watt-hour  meters. 

This  split-phase  method  of  producing  a  rotating  field  is  sometimes 
referred  to  when  describing  the  principles  of  operation  of  induction 
watt-hour  meters.  This  method,  however,  was  originally  suggested  as  a 
means  of  starting  two-phase  induction  motors  on  a  single-phase  alter- 
nating current  circuit  by  employing  such  an  arrangement  for  "  splitting  " 
the  phase  (Fig.  44).  Two  branch  circuits  are  used  to  connect  the  field 
coils  to  the  mains.  An  inductance  is  connected  in  series  in  one  branch 
and  a  resistance  is  connected  in  the  other  branch:  the  arrangement  being 
quite  similar  to  that  previously  described. 
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A  phase  splitting  device  is  required  which  consists  of  an  apparatus  to 
switch  the  inductance  and  resistance  in  and  out  of  circuit.  With 
this  arrangement  a  rotating  field  is  established  that  produces  suffi- 
cient torque  to  start  the  motor,  after  which  the  fields  are  connected 
direct  to  the  main  circuit. 

The  method  in  which  the  foregoing  principles  are  directly  ap- 
plied in  the  design  of  an  induction  watt-hour  meter  is  represented  in 


Pic,  90. — The  Split-phase  Method  of  Producing  a  Rotating  Field  Applied  to  Induction 

Watt-hour  Meter. 


Fig.  90.  It  will  be  noted  that  a  single-phase  alternatmg  current 
circuit  is  employed,  to  which  the  coils  are  connected  in  a  special  man- 
ner as  described. 

The  coils  P  and  P\  which  are  wound  with  small  wire,  and  an 
inductance  coil  L,  are  connected  in  series,  forming  the  branch  cir- 
cuit B  which  is  connected  in  multiple  across  the  main  circuit.  The 
strength  of  the  magnetic  field  produced  by  the  coils  P  and  P' 
will  necessarily  vary  with  the  e.  m.  f.  of  the  main  circuit,  and  the 
field  will  have  a  large  phase  displacement  relative  to  the  impressed 
e.  m.  f.,  due  to  the  inductance  coil,  the  function  of  which  is  to  lag  the 
current  in  the  branch  circuit  as  nearly  90  degrees  as  possible.     This  cir- 
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cuit  forms  the  potential  circuit,  or  potential  element  of  the  watt-hour 
meter. 

The  coils  on  poles  5"  and  S*  are  wound  with  large  wire  and  are  con- 
nected in  series  with  the  main  circuit  and  therefore  with  the  load.  In 
this  arrangement  a  non-inductive  load,  or  translating  device,  is  used  in 
place  of  the  non-inductive  resistance,  R,  previously  mentioned.  The 
strength  of  the  magnetic  field  produced  by  poles  S  and  S*  will  be  directly 
proportional  to,  and  will  increase  or  decrease  with  the  load  being  dissi- 
pated. Consequently  there  will  be  no  magnetic  flux  when  there  is  no 
current  passing  through  the  series,  or  main,  circuit.  This  circuit  forms 
the  series  circuit,  or  the  current  element  of  the  watt-hour  meter. 


B 
•  —  A        __ 

Z 

Pic.  91. — Current  and  Reactance  e.  m.  f.  Waves. 

It  is  evident  that  as  the  current  in  branch  circuit  B  is  lagged  so 
that  a  phase  displacement  occurs  which  approaches  90  degrees,  and 
as  the  series  load  is  non-inductive,  producing  practically  no  phase 
displacement  of  the  field  in  poles  S  and  5",  the  combination  of  the 
two  fields  will  produce  a  resultant,  rotating,  magnetic  field  and  cause 
the  rotor  M  to  turn  in  the  same  direction  as  the  progression  of  the 
field. 

The  arrangement  of  the  poles  P  and  P*,  S  and  5"  and  rotor  M  as 
just  described,  and  as  shown  in  Fig.  90,  has  the  appearance  of  the 
circuit  design  generally  employed  in  the  construction  of  alternating  cur- 
rent induction  motors,  and  it  is  obvious,  that,  in  the  design  of  an  induc- 
tion watt-hour  meter  for  use  in  service,  the  arrangement  of  the  magnetic 
poles  with  respect  to  the  rotor,  or  moving  element,  would  necessarily  be 
somewhat  different  and  would  vary  in  the  different  designs  of  induction 
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watt-hour  meters;  nevertheless,   the  principle  involved  is  essentially  the 
same. 

A  single-phase  induction  watt-hour  meter  is  practically  a  form  of 
motor,  the  fields  of  which  are  produced  by  the  application  of  a  split- 
phase  principle  to  an  alternating  current  single-phase  circuit.  The  mag- 
netic poles  are  so  arranged  that  the  fields  combine  and  act  on' a  short  cir- 
cuited movable  armature.  By  the  reaction  of  the  eddy  currents  thus 
developed  and  the  rotating  magnetic  field  established,  a  rotation  of 
the  moving  element  is  produced.  The  addition  of  a  suitable  retard- 
ing device  completes  the  electrical  part  of  this  meter.  With  this 
construction  the  number   of  revolutions   of  the   moving   element   is 


Pou/er  or  Load  El.tl.r, 

Pig.  92. — B.  m.  f.  Vectors  of  an  Alternating  Current  Circuit. 

proportional  to  the  energy  units  dissipated  in  the  circuit,  which  is 
the  function  of  an  integrating  meter. 

A  conductor  carrying  a  current  is  surrounded  with  a  magnetic 
field,  and  any  change  in  the  current  will  produce  a  corresponding 
change  in  the  field.  If  the  current  is  alternating,  the  magnetic  field 
will  change  with  each  alternation,  consequently  the  field  will  be 
continually  destroyed  and  re-established. 

An  alternating  current  is  represented  in  wave  form  in  Fig.  91  in 
which  curve  A  represents  the  power,  or  load,  e.  m.  f.  If  the  portion 
of  the  curve  above  the  line  O  is  considered  as  having  a  positive  value 
and  that  portion  below  the  line  as  having  a  negative  value,  the  mag- 
netic field  is  destroyed  and  re-established  at  the  point  Y,  when  the 
power  c.  m.  f.  is  changing  from  a  positive  to  a  negative  value  (Chapter  II). 

When    a    field    changes,    or    collapses,    the    magnetic    lines    cut    the 
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conductor  carrying  the  current  and  establish  an  e.  m.  f.  in  that  con- 
ductor; that  is,  the  reactance  e.  m.  f.  It  will  be  noted  that  the  mag- 
netic field  is  changing  at  its  greatest  rate  at  the  point  Y,  therefore  the 
reactance  e.  m.  f.  will  have  its  maximum  value  at  that  instant,  as 
shown  by  curve  B. 

At  the  instant  the  power  e.  m.  f.  has  a  maximum  positive,  or  maxi- 
mum  negative,  vahie,  represented  by  points  X  and  Z  respectively, 
there  is  no  change  in  the  magnetic  field,  consequently  the  field  does 
not  cut  the  conductor.  The  reactance  e.  m.  f.  is  therefore  zero  at 
those  instants,  and  the  curve  of  reactance  e.  m.  f.  is  shown  as  crossing 
the  zero  line  at  the  points  marked  S  and  S\ 


Fig.  93- — Relation  of  Power  to  Current  and  e.  m.  f.  when  ^  is  o  Degrees. 


It  is  evident  then  that  curve  S-S'  represents  the  reactance  e.  m.  f.  of 
any  circuit,  and  it  is  always  90  degrees  behind  with  relation  to  the  power, 
or  load  e.  m.  f. 

A  diagram  of  forces  may  be  plotted  to  represent  the  relation  of 
the  various  e.  m.  fs.  as  shown  in  Fig.  92. 

The  reactance  e.  m.  f.  component  is  plotted  at  right  angles  to,  or 
cjo  degrees  from,  the  power  e.  m.  f. 

The  power,  or  load,  e.  m.  f.  is  the  e.  m.  f.  component  that  is  useful 
in  doing  work,  and  is  always  in  phase  with  the  current  in  the  cir- 
cuit. 

The  impressed  e.  m.  f.  is  plotted  as  the  hypothenuse  of  the  trian- 
gle, and  is  the  e.  m.  f.  required  to  be  applied  to  the  circuit  to  over- 
come the  reactance  e.  m.  f.  and  to  give  a  power  e.  m.  f.  equal  to  the 
component  shown. 
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The  Greek  letter  <P  represents  the  angle  of  lag  between  the  impressed 
e.  m.  f.  and  the  power,  or  load,  e.  m..f. 

The  power  in  the  circuit,  which  is  equal  to  the  product  of  the 
power  e.  m.  f.  and  the  current,  may  be  easily  determined  when  the 
reactance  component  is  zero,  for  then  the  impressed  e.  m.  f.,  which  is  a 
measurable  quantity,  is  in  phase  with  the  power  e.  m.  f.  When  a  reactance 
component  exists,  the  impressed  e,  m.  f.  will  not  be  in  phase  with  the 
power  e.  m.  f .  As  the  current  in  phase  with  the  power  e.  m.  f.  and  the 
impressed  e.  m.  f.  are  the  measurable  quantities,  the  angle  of  lag  between 
the  impressed  e.  m.  f.  and  the  power  e.  m,  f.,  or  current,  must  be  taken 
into  consideration.     (See  Chapter  IV.) 

In  determining  the  true  power  in  the  circuit,  the  factors  that  enter 
into  the  calculation  are: 

jr  =  the  wattage,  or  power; 

E   =  the  impressed  e.  m.  f. ; 

I    =  the  current  in  the  circuit  (formerly  symbolized,  C)  ; 

0   =  the  angle  of  lag  between  the  impressed  e.  m.  f.  and  current. 

The  formula  is: 

W  =  EI  cosine  4>. 
When  0  =  0, 
then  cosine  0^1; 
therefore  IV  =  EI. 

The  true  power  and  the  apparent  power  are  equal,  and  the  re- 
actance component  equals  zero,  when  the  impressed  and  power  e.  m.  f  s. 
are  in  phase  (Fig.  93). 

When  0  =  90  degrees, 
then  cosine  4>  =  o; 
therefore  W  =  o. 

The  impressed  e.  m.  f.  and  the  power  e.  m.  f.  are  then  at  right 
angles,  and  the  reactance  component  is  equal,  and  opposite,  to  the  im- 
pressed e.  m.  f.  (Fig.  94). 

It  is  evident  that  the  power  in  the  circuit  is  a  function  of  the  angle 
of  lag  betwecen  the  impressed  e.  m.  f.  and  the  power  e.  m.  f.  or  cur- 
rent, and  when  the  phase  displacement  is  90  degrees  the  power  be- 
comes zero.  Between  the  above  conditions  the  power  varies  from 
maximum  to  zero  (Fig.  95). 

The  torque  of  a  watt-hour  meter  must  become  zero  when  the  power 
in  the  circuit  is  zero,  and  as  it  has  been  proven  that  the  power  in  the 


122 


ELECTRICAL  METERMAN'S   HANDBOOK 


circuit  is  a  function  of  the  cosine  of  the  angle  of  the  lag,  and  that 
the  power  becomes  zero  when  the  angle  of  lag  is  90  degrees,  therefore 
the  torque  must  be  proportional  to  the  cosine  of  the  angle  of  lag. 


Pic.  94. — Relation  of  Power  to  Current  and  e.  m.  f.,  when  i^  is  90  Degrees. 

It  follows  that,  when  the  field  of  the  potential  circuit  lags  90  degrees 
behind  the  impressed  e.  m.  f.  and  the  current  in  the  series,  or  current,  coils 
lags  90  degrees,  there  is  a  condition  of  no  power  in  the  circuit,  and  no 


Pig.  95. — Relation  of  Power  to  Current  and  e.  m .  f .,  when  ^  is  60  Degrees. 
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torque  to  produce  rotation  in  the  meter  exists,  because  the  fields  are  then 
in  phase  and  single  phase  relation  obtains,  as  shown  in  Fig.  88.  Appli- 
cation of  this  principle  is  made  use  of  in  testing,  as  explained  in  Chap- 
ter VI. 

When  a  watt-hour  meter  operates  on  a  non-inductive  circuit,  the  re- 
actance e.  m.  f.  component  of  the  circuit  is  zero  and  the  power  e.  m.  f. 
component  coincides  with  the  impressed  e.  m.  f.  The  fields  produced  by 
the  series  coils  and  potential  circuit  of  the  watt-hour  meter  are  displaced 


'  Impressecf     IZ^nf^ 

Pig.  96. — ^Alternating  Current  e.  m.  f.  Vector  Diagram. 


90  degrees  and  consequently  produce  maximum  torque  for  minimum 
apparent  power. 

In  Fig.  96  the  field  of  the  potential  circuit  is  represented  by  the  posi- 
tion of  the  line  OY  and  the  impressed  e.  m.  f.  by  the  line  OX,  the 
phase  relation  being  90  degrees. 

When  a  watt-hour  meter  is  operated  to  measure  the  energy  in  a  cir- 
cuit containing  inductance,  the  phase  position  of  the  power,  or  load, 
e.  m.  f.  depends  upon  the  reactance  e.  m.  f.  component  of  the  circuit. 

With  an  impressed  e.  m.  f.  of  a  giyen  value,  the  greater  the  re- 
actance e.  m.  f.  component,  the  greater  the  angle  of  lag  and  the 
smaller  the  power,  or  load,  e.  m.  f.  component,  as  shown  by  the  dotted 
lines.  When  the  magnitude  of  the  reactance  component  is  sufficient  to 
cause  the  power  c.  m.  f.  component  to  r6ach  the  90-degree  position,  the 
field  produced  by  the  series  coils  and  by  the  potential  circuit  of  the  watt- 
hour  meter  will  be  in  phase  with  each  other  and  therefore  will  produce 
no  torque,  or  rotation,  of  the  moving  element  of  the  meter. 
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A  maximum  torque,  or  rotating  effect,  is  obtained  when  the  series 
and  shunt  component  magnetic  fields  bear  a  certain  definite  phase 
relation  with  each  other,  as  described. 

Referring  to  Fig.  97,  diagram  a,  curve  X  represents  the  magnetic 
field  produced  by  a  single-phase  alternating  current  and  curve  Z 
represents  the  field  produced  by  a  current  from  the  same  source. 
The  field  X   is   shown   as   having  a   greater   strength   than  field   Z   and 


(^) 


(b) 


Pig.  97. — (a)  Curves  of  Magnetic  Fields  for  Synchronous  Alternating  Currents  of  Different 
Value.  (6)  Curves  of  Magnetic  Fields  for  Sychronous  Alternating  Currents  of  the  Same 
Value. 


its  curve  therefore  has  a  greater  maximum  value,  but  it  is  evident 
that  when  both  fields  have  the  same  maximum  value  the  curves 
representing  them  will  be  identical  and  the  points  will  coincide,  so 
that  the  curves  will  appear  as  a  single  curve  as  shown  in  diagram  b. 

It  has  been  previously  shown  that  magnetic  fields  produced  by 
single-phase  currents  that  are  in  phase  will  not  combine  and  estab- 
lish a  resultant  rotating  field,  but  will  simply  alternate  between  the 
field  poles.  Hence,  a  torque  to  cause  rotation  of  an  armature  will 
not  exist. 
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By  reversing  the  connections  of  the  circuit  that  produces  the  mag- 
netic field  Z,  the  polarity  of  the  field  will  be  reversed  with  respect 
to  field  X.  The  field  Z  will  then  have  a  maximum  negative  value 
when  the  field  X  has  a  maximum  positive  value;  both  fields  reach- 
ing the  zero  position   0  at  the  same  instant.    As  the  fields  are  equal 
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Fig.  98. — (<0  Curves  of  the  Magnetic  Fields  of  Two  Equal  Alternating  Currents  in  Opposition, 
(d)  Curves  of  the  Magnetic  Fields  of  Two  Equal  Alternating  Currents  in  Quadrature 


and  in  opposition  at  every  instant  the  result  will  be  zero  flux,  conse- 
quently there  will  be  no  torque,  or  rotating  effort. 

When  the  magnetic  field  of  Z  is  reversed  what  really  takes  place 
is  that  the  curve  Z,  Fig.  98^  diagram  c,  has  shifted  180  degrees:  that 
is,  the  point  P  is  moved  from  the  position  S  to  5"  and  no  torque  results. 

It  has  thus  been  shown  that  there  are  two  positions  exactly  180  degrees 
a.^art  which  produce  no  torque,  and  it  has  also  been  demonstrated  that 
when  tht  currents  producing  the  flux  are  not  in  phase  a  torque  ex- 
ists; It  is  obvious,  therefore,  that  there  must  be  some  intermediate 
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position  between  zero  and  i8o  deg^rees  that  will  produce  maximum 
torque.  It  might  be  assumed  that  this  point  is  midway  between 
these  extremes,  or  at  the  90-degree  position,  shown  in  diagram  d,  and 
such  is  the  case,  for  when  the  magnetic  fields  are  in  quadrature  they 
have  a  maximum  average  value,  and  consequently  produce  maximum 
torque. 

The  magnetic  fields  that  produce  rotation  of  the  moving  element 
of  a  watt-hour  meter  are  established  by  the  current  coils  and  poten- 
tial coils;  these  fields  being  proportional  to  the  main  current  and  to 
the  voltage  of  the  circuit  respectively. 

On  non-inductive  loads  the  current  coils  connected  in  the  main  cir- 
cuit produce  a  field  that  is  practically  in  phase  with  the  impressed 
e.  m.  f.  The  field  of  the  potential  coils,  which  are  connected  across 
the  main  circuit,  is  produced  by  the  current,  which  is  lagged  in  this 
potential  circuit  as  explained  above;  therefore  the  field  is  displaced  about 
90  degrees  with  respect  to  the  field  of  the  main  current  circuit. 

It  is  impossible  to  lag  the  current  in  the  potential  circuit  exactly 
90  degrees  by  means  of  an  impedance  coil,  on  account  of  the  energy 
expended  in  overcoming  the  electrical  losses;  therefore  the  condi- 
tion of  maximum  torque  cannot  be  obtained  by  the  split-phase 
method  unless  a  special  means  of  phase  compensation  is  provided. 

It  is  not  essential  that  a  phase  displacement  of  exactly  90  degrees 
should  exist  between  the  magnetic  flux  of  the  current  and  potential 
circuits,  when  the  load  to  be  metered  is  non-inductive,  as  the  current 
and  voltage  of  the  main  circuit  are  then  in  phase,  and  under  this 
condition  a  watt-hour  meter  with  fields  not  in  perfect  quadrature  will 
register  with  accuracy  the  energy  consumed  in  the  circuit. 

When  the  load  to  be  metered  is  inductive,  a  phase  difference  occurs 
between  the  current  and  voltage  of  the  main  circuit  and  the  power  in 
the  circuit  is  then  equal  to  the  product  of  the  current  and  voltage 
multiplied  by  the  cosine  of  the  angle  of  lag.  The  driving  torque  of 
a  meter  will  vary  with  these  factors,  so  that  its  speed  will  represent 
the  power  in  the  circuit  only  when  there  is  an  exact  90-degree  dis- 
placement of  the  potential  circuit  flux  from  the  impressed  e.  m.  f. 
Therefore  phase  compensation  to  secure  this  relation  is  necessary, 
otherwise  the  watt-hour  meter  will  register  inaccurately  on  an  induc- 
tive load. 

Various  methods  have  been  devised  to  secure  a  condition  where 
the  magnetic  flux  produced  in  the  potential  circuit  is  in  exact  quad- 
rature with  the  e.  m.  f.     This  is  termed  lagging  the  meter. 

One  of  the  methods  available  is  to  lead  the  flux  of  the  current 
coils  by  dividing  the  n^in  current  circuit  in  two  parts;  one  circuit 
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having  practically  no  inductance  and  the  other  being  highly  inductive 
and  connected  in  reverse  relation  to  the  first.  By  adjusting  the  two 
coils  a  resultant  magnetic  field  is  produced  by  the  series  coils  which 
leads  the  field  of  the  potential  circuit  by  an  angle  of  90  degrees. 

Another  means  employed  to  obtain  the  proper  phase  relation  in  the 
potential  circuit  is  to  arrange  in  parallel  a  non-inductive  and  an  in- 
ductive resistance  and  to  connect  an  impedance  coil  in  series  with 
these  resistances;  the  whole  being  connected  across  the  main  circuit. 
The  impedance  coil  alone  will  lag  the  current  nearly  90  degrees,  but 
by  dividing  the  current  in  the  impedance  coil  by  means  of  resistances, 
a  resultant  shunt  flux  is  produced  which  has  a  90-degree  phase  dis- 
placement with  respect  to  the  impressed  e.  m.  f. 

While  the  two  methods  described  are  used  in  European  watt-hour 
meters,  they  are  not  at  present  used  by  American  manufacturers. 

The  generally  used  method  consists  of  connecting  an  impedance 
coil,  either  alone,  or  in  series  with  an  additional  coil,  across  the  pres- 
sure circuit  so  as  to  produce  an  initial  phase  displacement  as  near 
90  degrees  as  possible. 

Short  circuited  secondary  windings,  or  coils,  are  then  arranged  in 
such  relation  with  respect  to  this  potential  circuit  that  the  potential 
winding  acts  as  a  primary  to  the  secondary  coil.  The  magnetic  field 
of  the  potential  circuit  produces  currents,  and  consequently  fields,  in 
the  secondary  coil  which  combine  to  produce  a  field  having  an  addi- 
tional lag.  This  may  be  adjusted  to  have  the  proper  90-degree  phase 
relation. 

Watt-hour  meters  of  the  motor  type  are  provided  with  a  magnetic 
brake,  which  is  necessary  in  order  to  obtain  a  speed  directly  pro- 
portional to  the  power. 

When  a  conductor  that  is  part  of  a  closed  circuit  is  moved  across 
a  magnetic  field,  an  e.  m.  f  is  generated  in  it  that  is  proportional  to 
the  speed.  A  current  will  flow  that  is  proportional  to  the  e.  m.  f. 
and  inversely  proportional  to  the  resistance.  If  the  resistance  be  kept 
constant,  the  current  will  be  proportional  to  the  e.  m.  f.  generated  and 
is  therefore  directly  proportional  to  the  speed. 

In  the  magnetic  brake  a  constant  field  is  supplied  by  a  permanent 
magnet.  Between  the  magnet  poles  revolves  a  copper,  or  aluminum, 
disk  or  cylinder,  which  is  fixed  on  the  shaft  of  the  moving  element. 
The  conductor  is  therefore  directly  under  the  poles,  and  the  disk  pro- 
vides a  closed  circuit  of  constant  resistance. 

The  action  may  best  be  understood  by  referring  to  Fig.  99.  The 
direction  of  the  magnetic  flux  is  downward  from  N  to  S,  cutting  the 
disk  which   rotates,  as  shown  by  the   arrow  A,     This   causes   currents 
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to  be  generated  in  the  disk  having  a  direction  shown  by  the  arrow  B. 
These  currents  divide  and  return  through  Ihe  part  of  the  disk  where 
no  current  is  being  generated,  as  shown  by  arrows  C. 

The  eddy  currents  generated  produce  poles  proportional  lo  their 
strength,  as  shown  by  n  and  s  on  the  upper  side,  and  the  corre- 
sponding poles  (not  shown)  are  established  on  the  under  side  of 
the  disk.     Pole  .V  repels  n  and  attracts  s,  and  5  correspondingly  repels 


and  attracts  the  poles  not  shown.  As  both  of  these 
repulsions  oppose  the  motion  of  the  disk,  according  to  Lena's  law,  a 
magnet  placed  in  this  manner  embracing  the  non-magnetic  disk  will 
create  a  drag  proportional  to  the  speed  of  the  disk. 

Watt-hour  meters  are  provided  with  a  magnetic  brake,  consisting 
of  a  permanent  magnet,  or  magciets.  and  a  copper,  or  aluminum  rotor 
which    revolves    between    the    magnet    poles. 

The  speed  of  the  rotor  is  generally  regulated  by  adjusting  th« 
magnets  in,  or  out,  from  ibc  center  of  the  disk;  or  by  adjusting  them 
to  embrace  more  or  less  of  ihe   moving  element,  thus  changing  the 
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amount  of  flux  cut.  Another  method  of  speed  regulation  is  to  pro- 
vide the  magnets  with  an  adjustable  iron  armature  placed  over  the 
poles,  so  as  to  divert,  or  shunt  around  the  rotor,  more  or  less  of  the 
magnetic  flux. 

Iron  shields  are  sometimes  provided  to  protect  the  magnets  from 
abnormal  magnetic  flux,  generally  due  to  short  circuits  on  the  line. 

Alternating  current  induction  type  watt-hour  meters  all  depend 
upon  the  same  basic  principles  for  their  operation,  and  in  general 
differ  only  in  the  manner  in  which  the  principles  are  applied  and  in 
the  details  of  construction.     See  Chapter  XVI. 

Current  and  potential  windings  are  provided  which  arc  arranged  in  such 
relation  that  they  produce  a  rotating  magnetic  field  by  the  split- 
phase  method,  which  cuts  a  closed-circuit  secondary  and  causes  it  to 
rotate. 

The  closed  secondary  consists  of  a  disk  or  cup-shaped  rotor,  made 
of  aluminum,  which  is  mounted  to  rotate  through  the  magnetic  fields 
and  also,  simultaneously,  between  the  poles  of  permanent  magnets  which 
produce  a  retarding  effect  and  serve  as  a  regulating  device. 

The  series,  or  current,  winding  consists  of  two  practically  non-inductive 
current  coils,  each  having  a  few  turns  of  comparatively  large  wire. 
These  coils  are  wound  in  opposite  directions  and  connected  in  series 
with  the  main  circuit,  or  load. 

The  current  coils  are  generally  mounted  on  laminated  iron  cores, 
or  poles,  which  project  directly  toward  the  rotor,  thus  directing  and 
concentrating  the  magnetic  flux. 

The  potential  windings  consist  of  potential  and  impedance  coils,  which 
are  wound  with  a  great  number  of  turns  of  fine  wire  and  mounted 
on  laminated  iron  cores  to  produce  a  large  phase  displacement  of  the 
field. 

Some  potential  coils  are  designed  with  sufficient  impedance  to  be 
connected  directly  across  the  main  circuit;  others  are  designed  to  be 
connected  in  series  with  a  separate  impedance  coil.  In  the  latter 
case  the  potential  coil  is  mounted  on  a  separate  laminated  iron  core 
which  provides  poles  for  concentrating  the  magnetic  field  that  acts 
directly  on  the  rotor. 

Phase  compensation  for  Securing  an  exact  go-degree  phase  dis- 
placement of  the  potential  circuit  field  is  accomplished  by  an  arrangement 
of  auxiliary  windings,  or  coils,  and  by  closed-circuited  secondaries  used 
in  combination  with  the  coils  of  the  potential  circuit. 

Compensation  for  static  friction  is  accomplished  by  the  use  of 
closed -circuited  loops,  or  secondaries,  and  by  auxiliary  coils  that  are 
arranged  in  such  relation  with  respect  to  the  field  of  the  potential 
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coils  that  they  produce  an  unbalanced  or  unsymmetrical  condition 
of  the  potential  field,  thus  establishing  a  slight  rotating  field  effect. 
Provision  is  made  for  regulating  the  magnitude  of  this  effect,  gen- 
erally by  varying  the  position  of  the  secondaries. 

Friction  compensation  is  sometimes  obtained  by  placing  around 
the  potential  circuit  field  core  a  movable  copper  turn,  or  closed,  secondary. 
The  turn  is  made  to  fit  closely  over  the  lower  end  of  the  core  of 
the  potential  circuit  field  core  and  has  internal  dimensions  large  enough 
to  permit  moving  it  horizontally  either  to  the  right,  or  left. 

The  effect  of  the  closed  secondary  turn  is  practically  the  same  as 
the  effect  produced  by  the  shading .  ring,  or  coil,  on  the  pole  of  a 
single-phase  induction  motor. 

Assuming  that  the  secondary  turn  is  not  present,  it  is  evident  that 
with  current  in  the  potential  circuit  and  no  current  in  the  series  cir- 
cuit, the  potential  circuit  field  would  be  magnetically  balanced.  Intro- 
ducing the  secondary  turn  centrally  with  respect  to  the  magnetic  field 
would  not  alter  the  balanced  condition. 

Moving  the  turn  in  either  direction  would  produce  a  slight  un- 
symmetrical condition  of  the  field,  which  would  result  in  a  torque. 
This  unbalanced  condition  is  due  to  the  reactive  effects  of  the  field 
of  the  secondary,  which  would  then  be  greater  on  one  side  of  the 
potential  circuit  field  pole.  This  produces  the  effect  of  a  slight  rotating 
field.  The  turn  may  be  adjusted  to  such  a  position  that  the  unbalanced 
field  will  produce  just  sufficient  torque  to  overcome  the  friction  of  the 
moving  element. 

An  extreme  unbalance  of  this  nature  under  the  conditions  of  no 
load  in  the  series  coil,  will  produce  a  torque  sufficient  to  cause  creeping 
(Chapter  VII). 

The  electromagnetic  action  between  two  coWs  and  the  method  in 
which  this  principle  is  utilized  and  applied  in  the  construction  of 
commutator  type  of  motor  watt-hour  meters  is  illustrated  in  the  fol- 
lowing description. 

When  two  coils,  as  shown  in  Fig.  loo,  are  supplied  with  current,  a 
magnetic  field  will  be  established  by  each  coil,  and  the  direction 
of  the  fields  will  depend  on  the  direction  of  the  current  in  the  coils. 
Magnetic  poles  will  be  established  which  will  produce  an  attraction,  or 
repulsion,  depending  on  the  relative  polarity  and  position  of  the  coils. 
When  one  coil  is  movable  and  the  other  is  stationary,  the  movable  coil 
will  assume  such  a  position  that  its  magnetic  field  will  be  in  the  same 
direction  and  will  coincide  with  the  field  produced  by  the  stationary  coil. 
The  principle  of  the  magnetic  action  described  is  applied  in  commutator 
motor  watt-hour  meters  in  the  following  manner  (Fig.  loi). 
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The  current  coils  produce  a  magnetic  field  having  a  definite  direc- 
tion, and,  as  the  coils  are  in  series  with  the  main  circuit,  the  strength 
of  this  field  will  be  proportional  to  the  main  current.  They  are  arranged 
sufficiently  close  together  to  produce  the  effect  of  a  single  coil,  and 
practically  surround  the  armature. 

The  armature  is  of  the  closed-coil  type,  with  taps  from  the  wind- 
ing to  the  commutator  segments,  and  as  the  current  enters  through 
but  two  taps  which  are  connected  to  diametrically  opposite  points, 
the  armature  circuit  is  virtually  divided  into  two  parts  which  are  in 
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Pic.  ioi. — Magnetic  Fields  Established  in  a  Fundamental  Commutator  Motor  Watt-hour 

Meter. 

parallel.  When  the  current  enters  through  the  brushes  and  commu- 
tator it  will  therefore  pass  in  a  downward  direction  in  one-half  of 
the  armature  and  upward  in  the  other  half. 

The  magnetic  field  established  by  the  armature  coils  will  be  an 
equivalent,  or  resultant,  field  having  a  general  direction,  which  will 
depend  on  the  position  of  the  armature  coils  with  respect  to  the  com- 
mutator segments  and  to  the  position  of  the  brushes  on  the  commu- 
tator. The  strength  of  the  armature  field  will  depend  on  the  current  in 
the  armature  circuit  and  will  be  directly  proportional  to  the  e.  m.  f.  of 
the  main  circuit. 

In  Fig.  loi  is  shown  the  direction  of  the  magnetic  field  established 
by  the  current  coils,  as  indicated  by  the  arrows  marked  F.  The 
polarity  of  the  coils  is  indicated  by  the  letters  N  and  S. 

By  virtue  of  the  relation  between  the  armature  coils,  commutator 
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segments  and  brushes,  the  general  direction  of  the  armature  field 
is  practically  at  right  angles  to  the  field  of  the  current  coils,  as  shown 
by  the  arrows  marked  A  and  the  poles  N'  and  S'.  For  demonstra- 
tion, only  the  direction  of  the  equivalent  armature  field  is  indicated. 
The  magnetic  action  between  the  two  fields  produces  a  torque 
that  causes  the  armature  to  turn  and  endeavor  to  assume  such  a 
position  that  its  field  will  coincide  with  the  field  produced  by  the 
current  coils.  When  the  magnetic  poles  are  as  shown  in  the  dia- 
gram, the  direction  of  rotation  will  be  as  indicated  by  the  arrows 
R,  the  magnetic  pole  5"  of  one  field  coil  attracting  the  armature 
pole  N*  and  repelling  the  pole  S\  while  the  pole  N  of  the  other  field 
coil  attracts  the  armature  pole  S*  and  repels  the  pole  N'. 

An  armature  having  but  one  coil  and  without  a  commutator  would 
turn  only  until  the  direction  of  its  magnetic  field  was  the  same  as 
the  field  produced  by  the  current  coils  and  then  it  would  stop.  How- 
ever, an  armature  as  constructed  in  practice  has  a  sufficient  number 
of  coils  connected  to  an  equal  number  of  commutator  segments,  so 
that  when  the  armature  is  turned  a  small  amount,  another  set  of 
commutator  segments  will  come  under  the  brushes  and  again  estab- 
lish a  field  approximately  at  right  angles  to  the  field  of  the  series 
coils.  When  this  condition  is  again  established,  a  turning  eflFort,  or 
torque,  is  again  produced,  causing  the  armature  to  turn  until  another 
set  of  commutator  segments  come  under  the  brushes,  and  so  on. 
The  magnetic  field  of  the  armature  will  therefore  always  be  estab- 
lished in  practically  the  same  general  direction  with  relation  to  the 
field  of  the  current  coils,  thus  causing  a  continuous  rotation. 

The  torque  exerted  on  the  armature  is  proportional  to  the  product 
of  the  strength  of  both  the  current  coil  and  armature  fields  and  is  there- 
fore proportional  to  the  product  of  the  current  and  the  voltage  of  the 
main  circuit,  or  to  the  actual  power  in  watts. 

Watt-hour  meters  of  the  commutator  type,  in  general,  consist  of 
three  essential  parts,  the  motor,  the  brake,  or  retarding  device  and 
the  registering  mechanism  (Fig.  102). 

The  element  of  the  continuous  current  watt-hour  meter  causing 
rotation  is,  as  will  be  seen,  an  electric  motor  of  the  shunt  type,  which, 
being  without  iron  in  its  fields  and  armature  and  rotating  at  a  very 
slow  speed,  has  little,  or  no,  counter-electromotive  force.  Its  arma- 
ture current,  therefore,  is  independent  of  the  speed  of  rotation,  and 
is  constant  for  any  definite  potential  applied  at  its  terminals.  The 
torque  of  this  motor  being  proportional  to  the  product  of  its  arma- 
ture and  field  currents,  must  vary  directly  as  the  energy  passing 
through  its  coils  to  the  loaded  circuit.    In  order,  then,  that  the  meter 
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shall  record  correctly,  it  is  necessary  only  to  provide  some  means 
for  making  the  speed  proportional  to  the  torque.  This  is  accom- 
plished by  applying  a  load,  or  drag,  the  strength  of  which  varies 
directly  as  the  speed.  This  leads  to  a  brief  consideration  of  the 
generator  element. 

The  electromotive  force  induced  in  a  conductor  passing  through 
a  field  of  constant  strength  is  proportional  to  the  number  of  mag- 
netic lines  of  force  cut  in  a  given  time;  therefore,  if  the  resistance  of 
the  conductor  remains  constant,  the  drag  is  proportional  to  the  speed. 
A  metallic  disk  is  directly  connected  to  the  meter  armature  by  means 
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Pig.  xoa. — Diagram  of  a  Commutator  Type  of  Watt-hour  Meter.  A.  Armature;  B,  Current 
Coils:  C,  Leads;  d,  Brushes;  e,  Commutator;  f.  Disk;  G,  Recording  Mechanism;  J, 
Beariog;  R,  Resistance  and  Compensating  Coil. 

of  a  vertical  shaft  and,  passing  between  the  jaws  of  permanent  mag- 
nets with  field  of  fixed  strength  (Fig.  102),  constitutes  the  second 
necessary  element  of  the  watt-hour  meter. 

The  resultant  torque  exerted  on  the  moving  element  of  a  commu- 
tator motor  type  watt-hour  meter  is  due  to  the  superimposition  of 
the  effects  of  the  instantaneous  values  of  the  current  and  potential 
and  is,  therefore,  proportional  to  the  instantaneous  products  of  these 
values.  It,  consequently,  records  the  actual  energy,  or  true  watts,  pass- 
ing in  the  circuit  whether  supplied  with  alternating  or  continuous  cur- 
rent and  regardless  of  power-factor,  although  it  is  generally  used  on  con- 
tinuous current  circuits  (Chapter  XVIIl). 
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A  means  of  combining  all  the  instantaneous  values  of  energy  is 
found  in  the  registering  mechanism,  or  register,  the  third  clement 
of  the  watt-hour  meter.  This  is  a  revolution  counter  calibrated,  by 
means  of  the  register  constant,  in  the  proper  energy  units,  for  which 
purpose  the  kilowatt-hour  has  now  been  standardized. 

The  motor,  as  generally  constructed,  requires  the  following  prin- 
cipal ^arts,  which  are  necessary  for  the  arrangement  of  the  electrical 
circuits  (Fig.  102)  :  The  main  current  coils,  armature,  resistances,  com- 
pensating coil,  shaft,  commutator  and  brushes.  The  electrical  circuits, 
essential  for  the  operation  of  the  motor,  are  the  current,  or  series,  circuit 
and  the  potential  circuit,  both  of  which  are  constructed  without  iron,  ex- 
cept in  special  types. 

The  current  circuit  usually  consists  of  two,  or  more,  stationary  coils, 
having  a  few  turns  of  comparatively  large  wire  wound  in  a  circular,  or 
rectangular,  form.  These  coils  are  mounted  parallel,  in  close  relation,  so 
that  they  practically  surround  the  armature,  which  is  mounted  to 
rotate  centrally  within  them.  The  current  coils  are  connected  in  series 
with  the  main,  or  loaded,  circuit,  and  the  total  current  passes  through 
them  in  a  direction  that  will  produce  magnetic  fields  that  coincide.  For 
exceptions,  see  descriptions  of  shunted  types  of  watt-hour  meters.  Chap- 
ter XVI. 

A  single  current  coil  is  sometimes  used,  having  the  armature 
placed  centrally  within  the  field. 

The  potential  circuit  consists  of  an  armature,  a  resistance  and  a 
compensating  coil,  all  of  which  are  in  series  and  connected  directly 
across  the  main  circuit. 

The  armature  is  generally  of  the  closed-coil  type,  having  a  lap 
winding  consisting  of  several  coils,  usually  eight,  as  shown  in  Fig. 
loi.  These  coils  are  made  of  fine  wires  and  are  wound  upon  a  light 
non-magnetic  frame,  which  insures  rigidity  and  serves  as  a  means 
of  mounting  to  permit  rotation.  Loops  are  made  in  the  winding, 
serving  as  taps  to  the  coils,  and  are  connected  to  a  small  commu- 
tator, with  which  the  armature  is  mounted  on  the  shaft. 

An  armature  of  the  open-coil  type  is  sometimes  used,  consisting 
of  three  coils  symmetrically  arranged  around  the  shaft,  which  arc 
connected  to  a  three-part  commutator.  The  principle  involved  in 
producing  rotation  is  practically  the  same  as  in  a  closed-coil  armature. 

Armatures  are  made  in  either  ball,  or  cylindrical,  shapes,  so  as  to 
conform  to  the  shape  of  the  current  coils  and  to  properly  occupy 
the  space  within  the  enclosure  of  the  coils,  so  as  to  be  cut  by  as 
much  of  the  magnetic  flux  as  possible. 
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The  armature,  commutator  and  disk  for  the  magnetic  brake  are 
mounted  on  the  same  shaft,  which  rotates  vertically,  being  sup- 
ported at  the  bottom  by  a  cushioned  jewel  bearing  and  at  the  top 
by  a  small  guide-pin  bearing. 

The  brushes  serve  as  conductors  for  the  current  to  enter  the  arma- 
ture through  the  commutator.  For  two-pole,  lap-wound  armatures 
the  brushes  span  one-half  the  commutator  segments,  for  four-pole, 
wave-wound  armatures  one-quarter,  and  for  three-coil  armatures  the 
span  must  be  nearly  two-thirds. 

Commutators  are  usually  constructed  of  small  silver  segments  of 
a  number  equal  to  the  number  of  coils  in  the  armature  and  have  a 
small  diameter  to  reduce  the  moment  of  rubbing  friction  of  the  brushes. 

The  resistance  is  used  to  reduce  and  limit  the  current  in  the  poten- 
tial circuit  so  that  small  wire  can  be  used  in  the  armature  winding. 
This  permits  the  use  of  a  light  and  compact  armature  with  the  neces- 
sary ampere  turns  to  produce  the  desired  strength  of  field.  The 
resistance  also  reduces  the  voltage  drop  across  the  armature  and 
indirectly  diminishes  the  deteriorating  effect  of  sparking  at  the 
brushes,  should  any  occur.  The  resistance  must  have  no  inductive 
effect  on  the  armature,  or  field,  circuits,  and  it  is  generally  constructed 
of  fine  wire  wound  upon  cards,  spools  or  tubes,  which  are  mounted 
cither  within  the  meter,  on  the  back  of  the  meter  base,  or  in  a  suit- 
able box  supplied  as  a  separate  unit.  Another  method  of  construc- 
tion is  to  wind  the  resistance  and  friction  compensator  into  a  single 
coil,  the  principle  of  which  will  be  subsequently  described. 

A  certain  amount  of  frictional  resistance  exists  in  every  watt-hour 
meter,  consisting  principally  of  the  friction  of  the  bearings,  registering 
mechanism  and  of  the  brushes  on  the  commutator.  This  friction 
makes  it  difficult  to  obtain  a  speed  of  the  disk,  on  light  load,  that  is 
proportional  to  the  energy  consumed.  In  order  to  produce  the  least 
departure  from  the  straight-line  law,  it  is  necessary  to  compensate 
for  the  existing  and  subsequent  friction. 

An  auxiliary  winding,  or  friction  compensating  coil,  consisting  of 
a  number  of  turns  of  fine  wire,  is  connected  in  series  with  the  poten- 
tial circuit  and  is  placed  in  the  same  relation  with  respect  to  the 
armature  as  the  main  current  coils.  The  auxiliary  winding  estab- 
lishes a  magnetic  field,  having  a  constant  strength,  which  depends 
on  the  number  of  turns  in  the  coil  and  on  the  current  in  the  potential 
circuit.  The  polarity  of  the  auxiliary  coil  is  essentially  the  same  as 
that  of  the  current  coils  and  produces  just  sufficient  constant  torque  to 
overcome  the  friction. 
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are  employed  to  vary,  and  adjust,  the  strength  of  the  field  produced  by 
the  compensating  coil. 

The  effect  of  the  field  of  the  auxiliary  winding  is  regulated  by 
mounting  the  coil  on  an  adjustable  bracket,  so  that  its  distance  and 
position  with  respect  to  the  armature  may  be  altered;  or  it  is  varied  by 
making  the  coil  stationary  and  regulating  the  strength  of  the  current  by 
shunting  it,  or  by  changing  the  number  of  effective  turns  in  the  winding. 

The  adjustable  coil  is  constructed  to  pass  within  the  windings  of 
the  current  coil,  so  as  to  permit  adjusting  to  a  position  very  near 
the  armature.  A  type  of  adjustable  coil  is  made  which  has  sufficient 
resistance  to  be  connected  directly  across  the  circuit.  This  coil  is 
virtually  constructed  in  two  sections,  which  are  wound  in  opposite 
directions,  each  section  having  a  different  number  of  turns.  The 
fields  produced  tend  to  neutralize,  but  as  one  section  has  a  greater 
number  of  turns  its  field  will  predominate,  therefore  the  effective 
field  will  depend  directly  on  the  difference  between  the  number  of 
turns  in  the  two  sections. 

The  field  produced  by  the  stationary  type  of  coils  is  sometimes  varied 
by  shunting  the  coil  with  a  resistance.  An  adjustable  contact  is  pro- 
vided, which  may  be  connected  to  various  taps  to  alter  the  value  of 
the  resistance.  Stationary  coils  used  for  friction  compensation  are 
provided  with  taps  connected  to  different  turns  of  the  coil.  The  taps 
are  connected  to  contacts  on  a  suitable  multipoint  switch,  which  is 
adjusted  to  vary  the  number  of  effective  turns,  in  order  to  produce 
the  desired  strength  of  field. 

The  principle  employed  in  the  design  of  an  astatic  multipolar  tsrpe 
of  watt-hour  meter  is  shown  diagrammatically  in  Fig.  103.  The  cur- 
rent coil  are  so  wound  and  connected  that  each  coil  establishes  a  sepa- 
rate field  having  opposite  polarities,  as  shown,  the  coils  being  arranged 
sufficiently  far  apart  so  that  the  fields  do  not  neutralize  each  other. 

A  four-pole  closed-coil  drum  armature  with  a  wave  winding  is 
provided,  which  establishes  fields  having  polarities  as  shown. 

Rotation  of  the  armature  is  produced  by  the  attraction  and  repul- 
sion of  the  fields,  as  indicated;  the  north  poles  of  the  current  coils 
repel  the  poles  N'  and  AT',  and  attract  the  poles  5"  5"*,  established 
by  the  armature  coils. 

All  mercury  motor  meters  are  based  upon  the  principle  that  when 
a  current  of  electricity  is  passed  radially  across  a  copper,  or  aluminum, 
disk  immersed  in  mercury,  and  the  path  along  which  the  current  flows 
is  subjected  to  the  field  of  a  strong  magnet,  rotation  of  the  disk  is  pro- 
duced. The  reaction  between  the  field  of  the  current  in  the  disk  and  the 
field  of  the  maenet  oroduces  the  rotation  of  the  disk.     This,  of  course. 
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is  the  fundamental  basis  upon  which  any  electric  molor  operates,  and  the 
manufacturers  of  mercury  motor  meters  have  simply  utilised  this  princi- 
ple with  modifications  and  additions. 

In  general,  therefore,  we  may  say  that  any  mercury  motor  meter 
consists  essentially  of  a  rotatable  cylinder,  disk,  or  motor  element. 
partly,  or  totally,  submerged  in  mercury  so  that  current  can  be  led  in 
and  out  from  the  moving  element  by  the  mercury  acting  as  a  con- 
tact-maker, fixed  metallic  contacts  of  one  form  or  another  being  set 
ill  the  walls  of  the  chamber  containing  (he  mercury  and  the  disk.  An 
elcctromagncl   properly   set    with   respect    to   the   disk 


,   witb   Four-tol*  Armature  aod 


«l>en   energized,  cause   rotation  of  this  armature,   and   this   rotation   may 
\it    niade    proportional    to    kilowatt -hours.      This    principle    is    adaptable 
cither  to  continuous  or  alternating  current,  according  to  the  construction   ' 
employed. 

Electrolrtic  meters  depend  on  the  chemical  effects  of  electricity, 
manifcsled  by  the  decomposition  of  a  solution  by  the  passage  of  an  elec- 
tric current  through  it.  They  are  of  the  ampere-hour  class  and  .suitable 
lor  use  on  continuous  current  circuits  only. 

There  have  been  many  applications  of  this  principle  in  different  types 
of  meters.  The  basic  principle  of  one  type  is  that  the  passing  of  a  cur- 
rent of  electricity  through  a  volume  of  water  decomposes  the  water  into 
its  constituent  parts,  and  this  decomposition  is  directly  proportional  to 
the  volume  of  the  current,  one  ampere-hour  decomposing  ,,l35g  grams 
of  water.  Therefore,  if  a  current  is  passed  through  a  volume  of  water 
contained   in  a  properly  graduated  tube,  the  chanse  in  the   volume  of  ^ 
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water  in  a  given  time  will  determine  the  amount  of  current  supplied,  as 
indicated  by  the  graduated  scale.  The  Baslian  meter  is  of  this  type 
(Fig.  104). 


Another  type  of  meter  depends  upon  the  principle  thai  one  ampere- 
hour  of  current  passing  between  zinc  plates  immersed  in  a  solution  of 
a  salt  of  this  metal,  will  remove  from  one  plate  and  deposit  on  the  other 
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1,224  milligrams  of  zinc.  The  amount  of  current  passing  in  a  circuit  can 
consequently  be  measured  by  shunting  a  certain  portion  of  it  through 
a  cell  containing  zinc  plates  in  a  solution  of  zinc  sulphate  and  weighing 


the  positive   plate 
Edison  Chemical  n 


Pig.  105.— BdiBon  Cbemicol  Meter. 

J  determine  the  amount  of  zinc  transferred.  The 
■ter  was  of  this  class.  Fig.  105  is  an  internal  view 
■  of  this  type,  and  Fig.  106  shows  the  c 


ical  Met! 


In  still  another  type,  the  passage  of  current  causes  a  transfer  of  r 
cury  through  a  solution  of  that  metal  on   to  a  platinum  cathode;  as 
deposit  will  not  amalgamate  with  the  platinum,  it  drops  olf  into  a  tub 
graduated   as  to  indicate  the  amount  of  current   which  has  passed. 
^Vrigfat  Electrolytic  meter  is  an  example  of  this  type. 


.   CHAPTER  IV 

THE  MEASUREMENT  OF  ELECTRICAL  ENERGY 


CHAPTER   IV 
The  Measurement  of  Electrical  Energy 

The  commercial  measurement  of  electricity  depends  upon  the  fol- 
lowing units  which  have  already  been  defined: 

The  ampere,  the  unit  of  current  volume;  the  volt,  the  unit  of  elec- 
tromotive force,  or  potential;  the  watt,  the  unit  of  electrical  power. 

From  these  we  derive  the  ampere-hour,  the  watt-hour  and  the 
kilowatt-hour,  which  include  the  elements  of  both  quantity  and  time, 
and  are,  consequently,  adapted  to  the  measurement  of  the  supply  of 
electrical  energy  for  commercial  purposes. 

The  watt-hour  or  its  multiple,  the  kilowatt-hour,  is  the  unit  in  gen- 
eral use  in  this  country  for  the  commercial  measurement  of  elec- 
tricity, and  the  energy  supplied  in  a  circuit  is  measured  directly  by 
means  of  a  -watt-hour  meter,  the  principles  of  which  have  been  de- 
scribed in  Chapter  III.  The  requirements  placed  upon  a  watt-hour 
meter  as  regards  its  operation  are  probably  the  most  stringent  ex- 
acted from  any  measuring  device,  and  yet,  when  properly  cared  for, 
its  accuracy  is  without  doubt  equal  to  that  attained  in  the  measure- 
ment of  any  other  commodity  in  everyday  use. 

The  ampere-hour  may  be  used  as  a  basis  for  computing  the  watt- 
hours,  or  kilowatt-hours,  delivered,  in  a  circuit  upon  which  a 
steady  voltage  is  impressed.  The  watt-hours  delivered  in  a  given 
time  may  be  computed  by  multiplying  the  ampere-hours  by  the  volt- 
age, since  amperes  X  hours  X  volts  =  amperes  X  volts  X  hours  =  watts 
X  hours.  In  commercial  practice,  more  or  less  fluctuation  in  line 
voltage  is  unavoidable,  so  that  inaccuracies  may  occur  in  the  compu- 
tation of  watt-hours  from  ampere-hours.  The  ampere-hour  is  used 
directly,  as  a  unit,  in  connection  with  the  use  of  storage  batteries,  in 
other  work  involving  electrolytic  action,  and  in  general  when  the 
measurement  is  one  of  quantity  of  current  independent  of  the  poten- 
tial at  which  it  is  supplied. 

The  quantity  of  current  may  be  measured  by  an  ampere-hour 
meter.     (See  Chapter  III.) 

Inasmuch  as  the  ampere-hour  meter  does  not  take  care  of  pos- 
sible fluctuations  in  line  voltage,  inaccuracies  may  occur  in  computing 
wa*».tt#\Mr«  frr\m   ifa   r*»a'istrafinn.      When,    however,   the  varia.ti4 
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voltage  are  not  so  great  as  to  introduce  errors  exceeding  the  pre- 
scribed limits  for  the  measurement  of  watt-hours  directly,  under 
the  same  conditions,  meters  registering  ampere-hours  may  be  em- 
ployed instead  of  watt-hour  meters.  Ampere-hour  meters  may  ordi- 
narily be  used  without  serious  error  where  only  small  amounts  of 
energy  are  involved.  They  can  be  used  to  advantage  for  special 
cases,  where  the  potential  of  the  circuit  is  not  a  factor  in  the  desired 
measurement,  such  as  electroplating  or  battery  work,  as  described  in 
Chapter  XVI. 

Electrical  energy  is  distributed  in  the  form  of  continuous  (commonly 
called  direct)  current,  and  of  single-phase,  or  polyphase,  alternating  cur- 
rent.   Continuous  current,  and  single-phase  alternating  current  are  distrib- 
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Pig.  107. — Two-wire  System  of  Distribution. 

uted  on  the  consumer's  premises,  either  in  a  two-wire,  or  a  three-wire, 
system  (Figs.  107  and  108). 

A  three-wire  system  has  a  middle  or  neutral  wire  intermediate  in 
potential  between  the  two  outside  wires  (Fig.  108).  Its  advantage 
consists  in  the  saving  effected  in  wire,  and  the  greater  flexibility  of 
the  system,  in  that,  from  it  can  be  obtained  current  at  two  voltages, 
as  for  instance,  no  volts  for  lighting  and  220  volts  for  power. 

A  three-wire  system  is  balanced  when  the  currents  in  the  outer 
wires  are  equal,  and  the  potentials  between  the  outer  wires  and  the 
neutral  wire  are  equal. 

The  power  expended  in  a  continuous  current  circuit  is  equal  to 
the  product  of  the  values  of  the  current  flowing  in  the  circuit  and  the 
potential  between  the  terminals  of  the  circuit,  and  is  expressed  by 
the  formula: 

P  =  EL 
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la  which  P  ts  the  power  in  watts,  E  is  the  potential  of  the  circuit 
ID  volts  and  /  (formerly  symbolized  by  C)  is  the  intensity  of  current 
in  the  line  in  amperes. 

The  value  of  an  alternating  current  is  ordinarily  understood  to  be 
equivalent  to  the  number  of  amperes  of  continuous  current  which 
would  produce  the  same  effect  such  as  the  same  amount  of  heat  in  an 
incandescent  lamp  filament.  This  is  called  the  effective  value,  and  can 
be  shown  to  be  equal  to  tile  number  of  amperes  obtained  by  computing 
the  square  root  of  the  average  of  all  the  values  squared  (i.  e„  the  square 
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root  of  the  mean  square  of  all  the  values)  through  which  the  current 
passes  in  one  cycle.  It  is  sometimes  called  the  "  root  mean  square " 
value.     (See  Chapter  11.) 

The  power  expended  in  an  alternating  current  circuit  at  any  given 
instant  in  the  cycle  is  equal  to  the  product  of  the  voltage  and  cur- 
rent at  that  instant. 

When  the  current  and  voltage  reverse  at  the  same  instant,  this 
value  is  always  positive,  and  if  their  wave  forms  are  alike,  the  power 
expended  is  a  maximum  and  is  equal  to  the  product  of  the  effective 
values  of  voltage  and  current,  as  expressed  in  the  formula  for  con- 
tinuous current,  in  which  case  the  current  is  said  to  be  in  phase  with 
the  voltage,  or  vice  versa.     When  the  term  "power  expended  in  an 
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alternating  current  circuit "  is  used,  the  average  value  during  a  cycle 
is  ordinarily  meant. 

Circuits  containing  certain  types  of  apparatus,  such  as  transform- 
ers and  induction  motors,  are  known  as  reactive  circuits,  and  have 
the  property  of  storing  up  a  part  of  the  energy  supplied  to  the  cir- 
cuit during  a  part  of  each  cycle,  and  restoring  this  energy  to  the 
source  during  the  remainder  of  the  cycle.  (See  Chapter  II.)  This 
causes  the  reversal  of  current  to  take  place  at  an  earlier,  or  later, 
instant  than  the  reversal  of  voltage,  the  current  then  being  known 
as  a  leading,  or  lagging  current.  During  the  time  when  energy  is 
being  delivered,  to  the  circuit,  the  product  of  current  and  voltage 
is  positive;  that  is,  the  current  and  the  voltage  have  the  same  sign. 
When  either  voltage,  or  current,  is  reversed  with  respect  to  the  other, 
so  that  this  product  is  negative,  energy  is  being  returned  by  the 
circuit  to  the  ^urce,  and  is  then  reckoned  as  negative.  The  net 
value  of  the  energy  delivered  to  the  circuit  per  cycle  is  equal  to  the 
difference  between  the  positive  and  negative  values  of  energy  in  the 
two  periods  above  referred  to.  The  average  value  of  the  power  for 
a  given  value  of  voltage  and  current  is  usually  less  than  the  product 
of  the  voltage  and  current  (the  volt-amperes)  and  may  have  any  value 
between  the  value  of  the  volt-amperes  and  zero.  (Chapter  III,  Figs.  93. 
94  and  95.) 

The  ratio  between  the  power  in  watts  expended  in  the  circuit 
and  the  product  of  effective  values  of  voltage  and  current  (volt- 
amperes)  is  the  power-factor  of  the  circuit.  The  power-factor  of 
a  circuit  is  never  greater  than  unity.     (See  Chapter  II.) 

When  the  wave-forms  of  the  voltage  and  current  are  not  the  same, 
the  power-factor  of  the  circuit  will  be  less  than  unity,  even  when 
the  voltage  and  current  reverse  at  the  same  instant,  due  to  the  fact 
that,  in  general,  the  voltage  will  be  large  when  the  current  is  small, 
and  vice  versa,  thus  diminishing  the  average  product. 

The  phase  difference,  or  phase  angle,  between  a  sine  voltage  and 
a  sine  current  is  defined  as  the  number  of  electrical  degrees  between 
the  beginning  of  the  cycle  of  voltage  and  the  beginning  of  the  cycle 
of  current.     (See  Chapter  II.) 

The  power-factor  of  a  circuit  containing  a  sine  voltage  and  a  sine 
current  is  equal  to  the  cosine  of  the  phase  angle  between  the  voltage 
and  current. 

For  reactive  alternating  current  circuits,  the  right-hand  member 
of  the  power  equation  given  for  continuous  current  circuits  must 
be  multiplied  by  the  power  factor  of  the  circuit,  which  is  usually 
expressed  as  the  cosine  of  the  phase  angle  0,   which   angle  equals   the 
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number  of  degrees  that  the  pressure  is  in  advance  of,  or  behind,  the 
current. 
The  formula  thus  becomes: 

P  =  EI  Cos  <t>. 

The  energy  delivered  in  a  two-wire  continuous  current,  or  single- 
phase  alternating  current  circuit  is  measured  by  a  watt-hour  meter, 

Singll-Phase 
Watt-Hour  Meter 
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no  V. 


D  ..  Load 

igle-Phase, 

2-Wire,Gen. 

Pic    109. — Measurement  of  Energy  Delivered  in  a  Two- wire  Circuit  with  Watt-hour  Con- 
nected in  Ungrounded  Side. 


or  ampere-hour  meter,  having  its  current  coils  in  the  ungrounded 
side  of  the  circuit,  and,  if  a  watt-hour  meter  is  used,  the  potential 
coil  connected  across  the  circuit  (Fig.  109).  If  neither  side  of  the  cir- 
cuit is  grounded,  both  sides  may  pass  through  the  current  coils  of  the 
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PtG.  xio. — Measurement  of  Energy  Delivered  in  a  Two-wire  Circuit  with  Watt-hour  Meter 

having  Two  Separate  Current  Coils. 

meter,  if  they  are  divided  into  two  separate  coils,  as  the  current  is  the 
same  in  both  sides  (Fig.  no). 

In  the  case  of  continuous  current  circuits  carrying  large  currents, 
two,  or  more,  meters  may  be  used  in  parallel  instead  of  one  meter 
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capable  of  carrying  the  total  current,  or  by  means  of  a  low  resist- 
ance shunt,  a  definite  proportion  of  the  current  only,  may  be  passed 
through  the  meter  (Fig.  iii). 

In  the  case  of  alternating  currrent  circuits  carrying  large  currents, 
it  is  better  practice  to  use  current  transformers  (Fig.  112). 

The  energy  delivered  in  a  three-wire  continuouB  current,  or  single- 
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Pig.  III. — Meastirement  of  Energy  Delivered  in  a  Two- wire  Continuous  Current  Circuit 

with  Shunted  Type  Watt- hour  Meter. 

phase  alternating  current  circuit  is  the  total  of  the  amounts  of 
energy  in  the  two  sides  of  the  circuit  considered  as  independent  two- 
wire  circuits  and  may  be  measured  by  two  watt-hour  meters  with 
the  current  coils  of  one  in  one  of  the  outer  wires,  and  the  current 
coils  of  the  other  in  the  other  outer  wire,  and  with  the  potential 
circuits    connected    from   the   lines   in   which    the    current    coils    are 
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Pig.   1X3. — Measurement  of  Energy  Delivered  in  a  Two-wire  Alternating  Current  Circuit 

with  Current  Transformer  and  Watt-hour  Meter. 

inserted  to  the  neutral  wire  in  both  cases.  The  total  energy  is  the 
sum  of  the  two  readings.  As  the  potentials  of  the  two  sides  of  a  three- 
wire  circuit  are  practically  equal,  the  two  current  coils  may  be  put 
in  one  "  three-wire  "  meter  acting  on  a  single  moving  element.  The 
potential  circuit  should  then  be  connected  from  one  outer  wire  to 
the  neutral  wire.  The  accuracy  of  this  meter  is  dependent  on  the 
potentials  on  the  two  sides  of  the  system  being  balanced.     Some  of 
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the  meters  are  so  designed  that  the  measurement  is  obtained  by 
connecting  the  potential  circuit  between  the  outer  wires.  This  meter  is 
accurate  only  when  either  the  potentials,  or  the  currents,  in  the  two  sides 
of  the  system  are  balanced.    The  measurement  of  the  unbalanced  energy 
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Pic.  113.- 


-Measurement  of  Energy  Delivered  in  a  Three-wire  Circuit  with  Two  Watt-hour 

Meters. 


in  one  side  is  the  only  portion  subject  to  error  when  the  potentials  are 
unbalanced  (Figs.  113,  114  and  115). 

A   three-wire   ungrounded    circuit    could    be    measured    with    two 
meters,  connected  in  circuit  in  any  two  of  the  wires  with  the  poten- 
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Pic,  114. — Measurement  of  Energy.  Delivered  in  a  Three- wire  Circuit  with  Three-wire  Watt- 
hour   Meter  vnth   Potent inl    Riement   Cj^nrtt^it^    tn  tVi*   MAt«f«-a1 
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tial  of  each  connected  to  the  third  wire,  provided  the  algebraic  sum 
of  the  readings  be  taken;  but  unless  the  meters  are  connected  in  cir- 
cuit  in    the    two   outer  wires,   the  method  is   unnecessarily   complicated. 


Watt-Hour  Meter 


Generator 


Generator 


Pig.  XI 5. — Measurement  of  Energy  Delivered  in  a  Three-wire  Circuit  with  Three-wire  Watt- 
hour  Meter  with  Potential  Element  Connected  between  the  Outer  Wires. 


The    method    depends    on    the    principle    that    the    exact    measurement 
of  electrical   energy   on   any   multi-wire   system   requires   one   less   watt- 
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Pig.   116. — Twc-phasc.  Pour-wire  Circuit  with  the  Two  Phases  Separate. 


hour  meter  element  than  there  are  wires  in  the  system,  and  is  demon- 
strated later  in  this  chapter. 
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A  very  few  systems  employing  five-wire  distribution  circuits  were 
at  one  time  installed,  but  the  rarity  of  examples  of  this  practice, 
and  the  identity  of  the  principles  of  metering  such  systems  with 
those  just  cited,  justifies  omission  of  further  treatment  in  this  work. 

A  poljrphase  circuit  consists  of  two,  or  more,  single-  alternating 
current  circuits,  in  which  the  respective  potentials  are  not  in  phase.  The 
individual  circuits  making  up  the  polyphase  circuit  are  referred  to  as  the 
various  phases  of  the  circuit,  and  the  circuit  is  referred  to  as  two- 
phase,  or  three-phase,  according  to  the  number  of  phases.  Although  spe- 
cial use  is  made  of  six-phase  circuits,  and  other  combinations,  the  meter- 
man  will  scarcely  ever  be  called  upon  to  meter  them  as  such,  and,  there- 
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Pic.  117. — Two-phase,  Three-wire  Circuit  with  Common  Return  Wire. 


fore,  the  discussions  given  here  are  confined  to  two-phase  and  three-phase 
circuits.     (See  Qiapter  II  for  definitions  and  elucidations.) 

A  balanced  load  is  said  to  exist  in  a  polyphase  circuit  when  all  the 
receiving  circuits  have  equal  voltage,  current  and  power-factor. 

In  a  two-phase  circuit,  the  potentials  differ  in  phase  by  90  electri- 
cal degrees.  This  was  formerly  called  a  quarter-phase  circuit  on 
account  of  the  quarter  rotation,  or  90  degree  relation  between  its 
phases. 

The  following  forms  of  two-phase  circuits  are  in  use: 

(a)  The  two-phase,  four-wire  circuit,  in  which  the  two  phases  are 
entirely  separate  and  independent  (Fig.  116). 

(b)  The  two-phase,  three-wire  circuit,  in  which  the  two  phases 
have  a  common  return  wire  (Fig.  117). 

(c)  The  two-phase,  four-wire  circuit,  in  which  the  two  phases  are 
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interconnected  at  the  middle  points  of  the  phase  windings,  either  in  star 
or  mesh  fashion  (Fig.  ii8). 

The  electrical  power  in  a  two-phase  circuit  is  the  sum  of  the 
amounts  of  power  in  each  of  the  two  phases,  and,  in  a  balanced  cir- 
cuit, may  be  expressed  by  the  formula, 

P  =  2  £/  Cos  0, 

in  which  P  equals  the  toal  power  in  watts,  E  the  electromotive 
force  in  volts  across  each  phase,  and  I  the  intensity  of  current  in 
amperes  in  each  phase. 

In  a  two-phase  three-wire  circuit,  the  current  in  the  common  wire 
is  equal  to  the  vector  sum  of  the  currents  in  each  phase.     In  a  balanced 
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Pig.  1x8. — Two-phase,  Four-wire  Interconnected  Circuit. 

circuit  the  currents  differ  in  phase  by  go  degrees  and  the  current  in  the 
common  wire  will  consequently  be  >/2,  or  1.41,  times  as  great  as  in  the 
other  wires,  and  midway  between  them  in  phase.  The  potential  between 
the  two-phase  wires  will  be  the  vector  sum  of  the  two  potentials  which 
differ  in  phase  by  90  degrees,  and  consequently  will  be  ^2  times  the  poten- 
tial of  one  phase  and  midway  between  them  in  phase  (Fig.  117). 

In    a    two-phase,    four-wire,    interconnected    circuit    the    potential 
between   different  phase  wires  will  be  the  vector   sum  of  half  the 

E 
potentials  of  the  phases,  or   r^«       (Fig.  118  and  Chapter  II.) 
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The  energy  expended  in  a  two-phase  circuit  is  measured  by  means 
of  tvio  watt-hour  meters,  one  being  connected  in  each  phase,  the 
method   being   correct   for  all   values   of   unbalanced    load    and    power- 
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Pig.  119. — Measurement  of  Energy  Delivered  in  a  Two-piiaae  Circuit  with  Two  Watt-hour 

Meters. 

factor,  provided  the  load  is  connected  across  the  respective  phases. 
If  the  circuit  is  perfectly  balanced  the  energy  expended  in  each 
phase  is  the  same  and  twice  the  reading  of  one  watt-hour  meter  will 
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Fig.  120. — Measurement  of  Energy  Delivered  in  a  Two-phase  Circuit  with  One  Watt-hour 

Meter,  for  Balanced  Load  Only. 
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give  the  total  energy,  but  this  is  a  condition  that  cannot  be  obtained 
in  commercial  practice  (Figs.  119  and  120). 

Two-phase  watt-hour  meters  are  made,  consisting  of  two  separate, 
complete  meter  elements  in  one  case,  but  with  the  moving  part  of 
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Pig.  lax. — Measurement  of  Energy  Delivered  in  a  Two-phase  Circuit  with  One  Two-phase 

Watt-hour  Meter. 

each  element  mounted  on  the  same  shaft,  so  that  the  total  energy- 
is  recorded  on  a  single  register  (Fig.  121). 

In  a  three-phase  circuit,  the  difference  in  phase  between  the  poten- 
tials of  an5r  two  of  the  circuits  is   120  electrical  degrees,  the  same 
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Fig.  12a. — Thiee-phase,  Six-wire  Circuit  with  the  Three  Phases  Separate. 

relation  applying  to  the  currents,  when  the  circuit  is  balanced.  The 
three-phase  circuit  might  have  six  line  wires,  no  connections  exist- 
ing between  any  two  of  the  phases  (Fig,  122).  It  is  the  practice, 
however,  to  reduce  the  number  of  line  wires  to  four,  or  three,  by  com- 
bining them. 


THE   MEASUREMENT   OF   ELECTRICAL   ENERGY      155 

Three-phase  circuits  may  be  combined  at  both  the  generating  and 
receiving  ends  by  means  of  either  star,  or  delta,  connections.  (See 
Figs.  123,  124  and  125). 

The  potential  of  a  three-phase  circuit  is  generally  considered  as 
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Pic.  133. — ^Three-phaae.  Three-wire  Circuit,  Star  Connected. 


the  voltage  between  any  two  of  the  three-phase  wires.  In  a  star- 
connected  generator,  it  is  evident  that  these  potentials  are  not  the 
same  as  the  potentials  generated  in  the  phase  windings,  but  are  equal 
to  the  vector  sum  of  the  potentials  of  the  two  phase  windings  across 
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Pic.  124. — Three-phase,  Three-wire  Circuit,  Delta  Connected. 


which  the  delta  connections  are  tapped.  If  the  system  is  balanced, 
then  the  potential  between  any  two  of  the  phases  is  equal  to  the 
potential  in  the  phase  winding  times  ^3  (Fig.  123  and  Chapter  II)  ; 
or,  in  terms  of  the  potential  of  the  circuit,  the  potential   in  the  phase 
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winding,  Ew,  equals    -r- .    The  current  in  each  phase  winding,  /w,  is,  in 

a  star-connected  generator,  equal  to  the  line  currents,  /. 

E 
The  power,  in  watts,  in  one  phase  winding  equals      —    Iw  Cos  ^ 

v3 

or,  substituting  /  for  Iw,  equals 

EI  Cos  0 


^3 

where  E  is  the  potential  of  the  circuit,  between  any  two  phase  wires; 
/  is  the  current  in  any  one  phase  wire,  equal  to  Iw,  the  current  in  one 
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Pig.  125. — Three-phase,  Three-wire  Circuit  Connected  Delta  at  Generating  End  and  Star 

at  Receiving  End. 


phase  winding,  and  Cos  (f>  is  the  power  factor  of  the  phase  under  con- 
sideration. 

The  power  in  a  balanced   three-phase,   star-connected  circuit    is 
equal  to  three  times  the  power  in  one  phase  winding,  or 

EI  Cos  ^ 
P  =  3X — — -=x/3  EI  Cos  ^ 

in  which  /  is  the  current  in  any  one  phase  wire,  and  E  the  potential 
between  any  two  phase  wires,  and  Cos  ^  is  the  power-factor  of  any  one 
phase,  as  the  assumption  of  a  balanced  polyphase  circuit  makes 
all  similar  characteristics  of  the  different  phases  equal. 

In  a  delta-connected  generator,  the  current  in  the  phase  wire,  or 
line  wire,  equals  the  vector  sum  of  the  currents  in  the  two  adjacent 

phase  windings,  and  the  current  in  one  phase  winding,  Iw,  equals  /= 
(Fig.  124).    The  potential  across  each  phase  winding,  Ew,  is,  in  a  delta- 
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The  power,  in  watts,  in  each  phase  winding  will  therefore  be  Ew  X  7- 
X  Cos  0,  or,  substituting  E  for  Ew,  equals 

EI  Cos  ^ 

where  E  is  the  potential  between  any  two  phase  wires,  equal  to  Ew,  the 
potential  across  any  one  phase  winding,  /  is  the  current  in  one-phase 
wire,  and  Cos  ^  is  the  power- factor  of  the  phase  under  consideration. 
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Fig.  126. — Measurement  of  Bnergy  Delivered  in  a  Three-phase  Star  Connected,  Pour-wire 

Circuit  with  Three  Watt-hour  Meters. 

The  total  power  in  the  three-phase,  balanced,  delta-connected  cir- 
cuit is  three  times  this  amount,  which  gives  the  same  result  as  with 
a  star-connected  generator. 

P  =  V^  EI  Cos  0. 

The  following  methods  are  suitable  for  measurement  of  energy 
delivered   in   three-phase   circuits.     The    kind    of    system    and   the 
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nature   of  the  connected  loads   must   be   considered   in   determining 
which  method  should  be  used. 

Three-meter  method:  If  the  energy  delivered  by  a  generator  or 
absorbed  by  a  motor,  or  other  device  which  is  connected  in  star 
fashion,  is  to  be  measured,  three  watt-hour  meters  may  be  used  with 
the  current  element  of  each  in  different  phase  wires  and  the  potential 
circuits  connected  to  the  common,  or  neutral,  point,  provided  this  is 
accessible  (Fig.  126). 
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Fig.  127. — Measurement  of  Energy  Delivered  in  a  Three-phase.  Star  Connected,  Three- wire 

Circuit  with  Y  box  and  Three  Watt-hour  Meters. 

It  is  evident  that  each  meter  measures  the  energy  in  one  phase, 
so  that  the  sum  of  the  readings  gives  the  total  energy  in  the  circuit, 
and  all  the  meters  will  run  forward,  or  have  positive  readings.  If 
the  circuit  is  balanced,  each  watt-hour  meter  will  measure  one-third 
of  the  total  energy,  and  hence  be  a  check  on  the  accuracy  of  the 
other  two. 

If  the  neutral  point  is  not  accessible,  or  the  devices  are  connected 
in  delta,  this  method  may  be  used  by  the  creation  of  an  artificial 
neutral  point,  as  shown  in  Fig.  127.  For  this  purpose  a  Y  box, 
consisting  of  three  equal  non-inductive  resistances,  should  be  con- 
nected together  at  one  end,  which  will  then  become  a  neutral  point. 
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and  the  other  ends  connected  to  the  three  phase  wires.  Care  must 
he  taken  that  the  impedances  of  the  watt-hour  meter  potential  coils 
are  so  large  compared  with  the  three  auxiliary  resistances  that  con- 
necting  them  in  circuit  does  not  disturb  the  pressure  at  the  neutral 
point.  This  method  is  open  to  the  objection  that  there  will  be  an 
appreciable  constant  loss  of  power  through  the  non-inductive  resist- 
ances. If  the  impedances  of  the  watt-hour  meter  potential  coils  are 
exactly  equal,  auxiliary  resistances  are  unnecessary,  and  the  meas- 
urement may  be  made  by  joining  the  free  ends  of  the  three  potential 
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1  line  disturbances  and  the  effect  of 
the  neutral  point  obtained   in  this 


presence  of  higher  harmonics  (Chapter  11).  These  higher 
do  not  affect  the  accuracy  of  the  method,  provided  the  meter  is  accu- 
rate at  the  higher  potential  and  wilh  the  altered  wave  form,  owing  to 
the  fact  that  the  distorted  form  of  the  voltage  curve  proportionately  de- 
creases the  power- factor. 

If  the  devices  are  connected  in  delta,  three  watt-hour  meters 
may  also  be  used,  provided  they  can  be  inserted  directly  into  the  coil 
circuits,    or    phase    windings,    of    the    device,    as    shown    in    Fig.    128. 
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The  energy  in  the  circuit  is  equal  to  the  sum  of  the  three  watt-hour 
meter  readings,  and  if  the  current  is  exactly  balanced,  each  watt- 
hour  meter  will  register  one-third  of  the  total  energy.  This  method, 
however,  is  not  usually  commercially  practical. 

All  of  the  three-meter  methods  are  correct  for  all  values  of  bal- 
anced, or  unbalanced,  load,  and  at  all  values  of  power-factor  in  the 
receiving  circuit. 

Two-mctcr  method:  The  energy  in  a  three-wire,  three-phase  cir- 
cuit absorbed  by  either  star,  or  delta,  connected  devices,  may  be 
measured  by  means  of  two  watt-hour  meters,  one  having  its  current 
coils  connected  in  one  of  the  phase  wires  and  the  other  with   its 
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Fig.  129. — Measurement  of  Energy  in  a  Three-phase  Circuit  with  Two  Watt-hour  Meters. 

current  coils  connected  in  another,  and  each  having  its  potential  cir- 
cuit connected  from  the  phase  wire  in  which  its  current  coils  are  con- 
nected to  the  third  phase  wire  (Fig.  129).  The  algebraic  sum  of  the 
readings  of  the  two  meters  gives  the  energy  in  the  circuit,  with  entire 
independence  of  the  balance  of  the  circuit,  or  current  lag.  When  the 
current  lag  in  the  circuit  is  less  than  60  degrees,  or  the  power-factor 
is  greater  than  .50,  the  arithmetical  sum  of  the  readings  is  equal  to  the 
energy  in  the  circuit,  but  if  the  lag  is  greater  than  60  degrees,  or 
the  power  factor  is  less  than  .50,  the  torque  due  to  the  changed 
relation  of  the  currents  in  the  current  and  potential  coils  on  one  of 
the  meters,  causes  it  to  move  backward,  or  have  a  negative  reading, 
and  the  arithmetical  diflFerence,  or  algebraic  sum,  of  the  readings 
gives  the  total  energy. 

The  following  simple  statement  to  demonstrate  the  validity  of 
this  method  of  measurement  is  quoted  from  Mr.  C.  A.  Adams 
(Electrical  World,  page  143,  vol.  xlix): 

"In  any  n-wire  system  (continuous  current  or  alternating  current; 
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balanced  or  unbalanced)  assume  one  wire  as  a  common  return  for 
the  other  n-i  wires,  considered  as  carrying  the  outgoing  currents 
of  n-i  separate  circuits,  and  connect  n-i  watt-hour  meters  as  if  to 
measure  the  energy  in  these  n-i  separate  circuits.  Then  the  alge- 
braic sum  of  the  readings  of  these  n-i  watt-hour  meters  will  be  the 
total  energy  passing  in  the  system. 

"  That  the  statement  in  the  preceding  paragraph  is  entirely  suffi- 
cient without  further  proof  seems  almost  self-evident,  but  will  be 
made  more  clear  by  the  following  illustrations: 

"  In  any  three-wire  system,  label  the  three  wires  A,  B,  C,  as  in  Fig. 
129.  The  current  in  B,  counted  backward  toward  the  generator,  is 
at  each  instant  equal  to  the  algebraic  sum  of  the  currents  in  A  and  B, 
counted  outward  from  the  generator,  i.  e.,  B  may  be  looked  upon  as 
a  common  return  for  A  and  C. 

"  Imagine  the  B  wire  to  be  divided  longitudinally  jnto  two  parts, 
one  the  return  for  the  current  A  and  one  the  return  for  the  cur- 
rent C;  then  it  is  obvious  that  the  system  is  entirely  equivalent  to 
a  two-phase,  or  two-circuit,  system,  one  phase,  or  circuit,  carrying 
the  A  current  and  the  AB  voltage,  and  the  other  the  BC  current 
and  the  BC  voltage  and  that  the  two  watt-hour  meters  measure  the 
amounts  of  energy  in  these  two  phases,  or  circuits,  independently 
of  any  question  of  the  balance  of  the  system.  No  assumption  what- 
ever is  made  as  to  the  actual  arrangements  of  the  circuits  beyond  the 
watt-hour  meters,  the  equivalence  to  the  two-circuit  arrangement 
being  equally  valid  in  all  cases.  In  fact,  any  proof  based  upon  the 
assumption  of  a  particular  arrangement  of  circuits  does  not  ordinarily 
bold  good  for  any  other  arrangement. 

"  One  very  practical  advantage  of  the  point  of  view  here  adopted 
is  that  the  indicating  wattmeters  may  be  readily  connected  into  the 
circuits  without  trial,  in  such  a  manner  that  the  algebraic  sum  of  their 
indications  will  be  the  total  power  of  the  system.  If,  when  so  con- 
nected, one  of  them  gives  a  negative  indication,  it  shows  that  its 
reading  (when  the  connections  to  its  potential  coils,  or  to  its  cur- 
rent coil,  are  reversed)   should  be  taken  with  a  negative  sign." 

Another  method  of  analyzing  the  correctness  of  the  two-meter 
method  of  measuring  the  energy  in  a  three-phase  circuit  is  as  fol- 
lows: 

With  the  meters  connected  as  suggested  above  for  three-phase 
measurement  and  the  circuits  imagined  to  be  divided  as  suggested 
by  Mr.  Adams,  it  may  be  considered  that  the  watt-hour  meter  which 
has  its  current  coils  connected  in  the  A  wire  and  its  potential  ele- 
ment connected  between  wires  A  and  B  will  measure  the  energy  sup- 
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plied  by  the  phase  winding  AB.  The  watt-hour  meter  which  has  its  cur- 
rent coils  connected  in  the  C  wire  and  its  potential  element  connected 
between  wires  C  and  B  will  measure  the  energy  supplied  by  the  phase 
winding  CB. 

In  addition  to  the  above,  the  two  meters  will  measure  in  series 
the  energy  supplied  between  phase  winding  ACy  as  the  .potential 
coils  of  the  meters  are,  as  far  as  the  AC  potential  is  concerned, 
virtually  connected  in  series  across  the  A  and  C  wires,  dividing  this 
voltage  equally  between  themselves,  and  each,  therefore,  operating  at 
one-half  the  total  AC  potential.  The  toal  current  generated  by  the  AC 
phase  winding  passes  through  the  current  coils  of  each  of  the  watt-hour 
meters,  and,  under  the  above  conditions,  therefore,  each  of  the  meters 
may  be  considered  to  be  recording  one-half  the  energy  supplied  by  the 
AC  phase  winding,  or  the  total  current  generated  by  the  AC  winding 
at  one-half  the.^^C  voltage.  Each  meter  may,  therefore,  be  considered  as 
registering  one  and  one-half  times  the  energy  in  any  one  of  the  phase 
windings,  and  the  two  meters,  therefore,  measure  three  times  this 
energy,  or  the  total  in  the  three-phase  circuit. 

That  two  watt-hour  meters  are  sufficient  for  the  complete  measure- 
ments of  the  energy  taken  by  any  three-phase  receiving  unit,  the 
connections  being  as  shown  in  Fig.  129,  and  the  receiving  circuit  being 
balanced  or  unbalanced,  and  connected  star  or  delta,  is  proved  by  Frank- 
lin and  Williamson,  on  page  112  of  their  work  on  Alternating  Currents. 

"  Let  the  positive  direction  in  the  mains  A  and  5,  and  in  the  three 
receiving  circuits,  be  chosen  as  indicated  by  the  arrows  in  Fig.  129. 
These  directions  are  chosen  symmetrically  with  respect  to  the  two  watt- 
hour  meters.  Let  the  instantaneous  currents  in  the  receiving  circuits  be 
i'w,  x*w  and  i'"w,  as  shown. 

"  Let  t^  be  the  instantaneous  current  in  the  main  A,  and  let  ig  be  the 
instantaneous  current  in  main  B.    Then 

1    =  i'    4-  i'" 

-•    r=  1"    f'"" 

*B       *    w  —  *     vf 

"  The  reading  P*  of  the  upper  watt-hour  meter  is  equal  to  the  aver- 
age value  of  the  product  of  the  current  »^,  which  flows  through  the 
current  coil  of  the  instrument  into  the  electromotive  force  e\  which  acts 
upon  the  shunt  circuit  of  the  instrument.     That  is, 

f  =  average  i^e'. 
Similarly 

/^"  ^  average    I'n^". 
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Substituting  the  above  values  of  1^  and  i^  in  the  expression  for  P'  +  P", 
wc  have 

p*  -f  P"  =  average  e'  V^  +  average  e'  i\  +  average   (e'  —  e")  i'\ 

But  e'  —  e"  =  e"\  so  that 

P*  +  P"  =  average  r'  »'^  -h  average  e"  t"  +  average  e"  V\. 

An  algebraic  demonstration  of  the  accuracy  of  this  method  of 
measuring  three-phase  energy  may  be  found  on  page  368  in  "  Poly- 
phase Electric  Currents,"  by  Silvanus  P.  Thompson. 

Three-phase  watt-hour  meters  are  generally  made  on  the  two- 
meter  principle  and  consist  of  two  separate  complete  meter  elements 


Pic.  110. — Diagram  showing  that  Potential  to  Middle  Point  of  Auto-transformer  is  iH  times 
the  Voltage  to  Neatral,  and  is  in  Phase  with  the  Current  /,  and  that,  therefore.  One  Watt- 
hour  Meter  Measures  One-half  the  Total  Energy  of  a  Balanced  Three-phase  Circuit. 

in  a  single  case,  with  the  moving  part  of  both  elements  mounted  on 
the  same  shaft,  so  that  the  meter  automatically  records  the  alge- 
braic sum  of  the  amounts  of  energy  measured  by  each  element. 

One-meter  method:  If  a  three-phase  circuit  is  perfectly  balanced, 
the  energy  expended  may  be  measured  with  one  watt-hour  meter 
whose  current  coil  is  connected  in  one  of  the  phase  wires,  and  whose 
potential  circuit  is  connected  from  the  same  phase  wire  to  the 
neutral.  This  method  is  the  same  as  the  three-meter,  star-connected 
method  with  a  perfectly  balanced  load.  The  watt-hour  meter  then  meas- 
ures one-third  of  the  total  energy.  The  potential  circuit  may  also  be 
connected  to  the  middle  point  of  an  auto-transformer  connected  between 
the  other  two  phases,  in  which  case  the  meter  measures  one-half  of  the 
total  energy  (Fig.  130). 

The  one-meter  method  is  correct  for  all  values  of  power-factor,  as  long 
as  the  circuit  is  balanced.     Its  use,  accordingly,  should  be  restricted  to 
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circuits  supplying  only  synchronous  apparatus  which  should  be  care- 
fully tested  for  balance.  On  commercial  distributing  circuits  it  is 
impossible  to  maintain  a  sufficiently  balanced  condition  to  obtain 
accurate  results  from  this  method  of  measurement. 

The  energy  expended  in  three-phase  four-wire  circuits  having: 
loads  tapped  between  the  phases  and  also  from  any  phase  to  the 
neutral  can  be  accurately  measured  only  by  the  three-meter,  star- 
connected  method  (Fig.  126  above).     Instead  of  three  watt-hour  meters, 

Ihree-Phase 

Watt-Hour 

Metelr 


3-(t),4-WlRE. 

Star  Con.  Gen. 


Balanced  or 
Unbalanced  Load. 


Pig.  131. — Measurement  of  Energy  Delivered  in  a  Three-phase.  Pour-wire  Circuit  with  Three- 
phase.  Pour-wire  Watt-hour  Meter. 


a  single,  three-phase,  four-wire  meter,  depending  on  the  same  princi- 
ple, may  be  used  to  measure  the  energy  expended  in  a  three-phase, 
four-wire  circuit.  This  meter  consists  of  two  potential  elements  con- 
nected from  two  different  phase  wires  to  the  neutral,  each  influenced 
by  the  current  coil  of  the  phase  in  which  it  is  connected,  and  also  by 
one  of  two  coils  connected  in  the  third  phase  wire,  the  two  coils  in  the 
third  wire  being  connected  in  series.  As  the  potentials  in  the  two 
phases  are  always  displaced  by  120  degrees  from  each  other,  and 
from  the  potential  of  the  third  phase,  their  resultant  will  be  equal 
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have  the  same  effect  on  the  two  current  coils  in  that  phase  as  the  third 
potential  would  have,  acting  directly  on  one  coil  when  the  coils  are  prop- 
erly connected  for  polarity.  The  same  result,  therefore,  is  obtained  from 
this  meter  as  would  be  ,from  three  meters  connected  one  in  each  phase, 
provided  the  potentials  are  balanced  (Fig.  131). 

In  place  of  a  three-phase,  four-wire  meter,  a  three-phase,  three- 
wire  meter  can  be  used,  connected  in  circuit  by  means  of  current 
transformers,  as  shown  in  Fig.   132.     It  will  be  seen  that  the  reversed 
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i\  a 


riRnnn 


Cur  rekt^Tramsfdrmto 


3-Pha5e,4Aa/ire;       kftflfiAflAfl/ 


?rS<m^\ 


Star  Onncctcd 
Generator 

Voltage 
Transformers 


^Afiflni^fiflflf 


rSQStmi 


— LL^oo^oooi[l 


i 


Balanced  or 
Undalanccd 
Load. 


3^^HA5E,  4Wire; 
Watt-Hour  Meter 

Pig.  13a. — Measarement  of  Energy  Delivered   in    a   Three-phase,  Four-wire  Circuit  with 
Three-phaae,  Three-wire.  Watt-hour  Meter  and  Instrument  Transfcnners. 


current  from  the  transformer  in  the  third  phase  is  passed  through 
both  the  current  coils  of  the  meter,  and  the  same  result  obtained  as 
in  the  four-wire  meter  in  which  the  current  of  the  third  phase  passes 
through  separate  coils. 

These  meters  are  accurate  only  on  balanced  voltages.  A  three- 
phase,  four-wire,  three-element  meter  is  made  for  use  on  circuits 
having  unbalanced  voltages. 

Single  and  three-phase  loads  of  the  same  line  voltage  may  be  con- 
nected both  together  on  the  same  meters  and  will  be  accurately 
measured  by  any  of  the  foregoing  methods,  which  are  given  as  cor- 
rect on  unbalanced  loads. 

For  xneasuring  the  energy  expended  in  a  three-phase,  three-wire 
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circuit,  from  which  also  is  taken  single-phase  current  at  one-half 
the  potential  of  the  circuit  by  a  neutral  tap  from  one  of  the  trans- 
formers, it  is  necessary  to  use  a  separate  single-phase  meter  in  addi- 
tion to  the  three-phase  meter,  as  shown  in  Fig.   133. 

It  would  be  passible  to  measure  a  non-inductive  load,  tapped  off 
in  the  above  manner,  together  with  the  three-phase  load,  with  a 
three-phase  meter  by  connecting  the  single-phase  load  from  one 
phase  to  the  middle  point  of  the  transformer  between  the  phases  in 
which  the  meter  coits  are  inserted,  if  the  angle  of  displacement  be- 


tween the  potential  in  the  meter  and  the  single-phase  current  through 
the  meter  were  exactly  60  degrees,  the  cosine  of  which  is  .50,  so  that 
the  meter  would  measure  but  one-half  the  product  of  the  single- 
phase  current  and  line  potential.  In  that  case,  we  would  have  the 
following; 

Let  /  =  current  on  the  single-phase  circuit. 
E. 

Let — =voltage  from  C  to  middle  point  of  CB,  which  is,  the  volt- 


age 1 


)  the 


single-phase  circuit. 

^  voltage  CB,  between  phases. 


The  load  on  single-phase  circuit  = 
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EtI  E.I 

Power  indicated  by  meter  =  2 Cos  60°= =load  on   single- 

2  2 

phase  circuit. 

This  condition,  however,  cannot  be  attained.  Even  with  a  non- 
inductive  load,  the  voltage  triangle  of  the  phases  will  be  distorted 
by  the  reactance  in  the  transformer  winding  changing  both  the  phase 
angle  and  the  voltage  AB^  or  £3,  as  shown  by  dotted  lines  on  Fig. 
134,  the  reactance  voltage  leading  the  current  by  90  degrees. 

The  error  resulting  from  the  distortion  of  the  angle  from  60  de- 
grees will  be  much  greater  than  that  due  to  the  higher  voltage  on 
AB  phase,  and  the  errors  are  in  the  same  direction. 

With  the  inductive  loads,  an  additional  error  is  introduced  due  to 
the  initial  out  of  phase  relation  between  the  current  and  the  potential 
on  the  meter. 

Owing^  to  the  fact  that  the  above  method  might  seem  at  first  to  be 
accurate,  and  that  the  extent  of  the  errors  which  would  arise  may 
not  be  appreciated,  let  us  consider  a  case  in  which  the  current  in 
the  single-phase  circuit  lags  5  degrees  behind  the  potential. 

Neglecting  the   voltage  error  mentioned   above,   the   load   on   the 

£./ 

single-phase  circuit  = Cos  5  degrees. 

2 

E.I 

=  .996 

2 

E.I 
Power  indicated  by  meter  =  2 Cos  55  degrees. 


E.I 

=  2 

2 

X  .574. 

=  1. 148 

E.I 

2 

Percentage  of  accuracy  of  method  =115.3  per  cent,  or  the  ratio  of 
above  measurement  to  actual  load. 

The  magnitude  of  this  error  is  due  to  the  fact  that  the  cosine  of 
the  ang^le  of  displacement  changes  much  more  rapidly  for  the  same 
change  in  angle  at  a  power-factor  of  .50  than  at  unity  power-factor. 
This  error  increases  rapidly  with  decrease  in  power-factor,  and  the 
meter  will  run  fast  or  slow,  depending  on  the  phase  rotation  of  the 
system  and  the  phase  to  which  the  single-phase  circuit  is  connected. 

To  prove  the  amount  of  these   errors,  a  test  was  made  on  one 
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transformer  between  A  and  B  phases,  supplying  a  current  of  40  per 
cent  of  the  rating  of  the  transformer  between  its  neutral  and  one 
side  of  the  single-phase  circuit.  On  non-inductive  load,  the  measurement 
with  connections  as  shown  was  119.0  per  cent  of  the  correct  load,  the 
error  being  due  to  the  impedance  of  the  transformer  alone.  With  si 
power-factor  of  about  99.7  per  cent  the  measurement  was  133.6  per  cent 
of  the  correct  load,  showing  an  additional  increase  of  12.3  per  cent  of  the 
previous  registration,  due  to  the  slight  change  in  power-factor.  This 
power-factor  is  about  that  usually  obtained  in  lighting  circuits,  so  that 
the  method  cannot  be  considered  as  even  approximately  correct 

The  power-factor  of  a  balanced,  polsrphase  circuit  is  defined  as 
the  power  factor  of  each  of  the  receiving  circuits.    In  the  case  of  an 
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Pic.  134. — Diagram  showing  Distortion  of  Voltage  Triangle 
by  Reactance  in  Transformer  Winding. 

unbalanced,  polyphase  circuit,  the  power-factor  of  each  of  the  re- 
ceiving circuits  should  be  considered  separately. 

When  the  power  being  expended  in  a  polyphase  circuit  is  meas- 
ured by  one  wattmeter  in  each  phase,  as  in  the  case  of  the  two- 
phase  circuit,  or  the  three-meter  method  for  a  three-phase  circuit, 
the  power-factor  of  any  circuit  is  equal  to  the  watts  indicated  by  the 
wattmeter  in  the  circuit,  divided  by  the  product  of  the  voltage  across 
the  potential  circuit  and  the  current  in  the  current  coil  of  the  same 
wattmeter. 

In  the  case  of  a  balanced,  three-phase  circuit,  where  the  two-meter 
method  is  used,  the  readings  of  the  two  wattmeters  will  be  unequal 
when  the  power-factor  is  less  than  unity.  The  power-factor  may  be 
determined  from  the  reading  of  the  two  wattmeters  without  measur- 
ing the  voltage,  or  current,  of  any  of  the  circuits,  using  the  following 
formula: 
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Pi— Pa 

tan  i>  =-^-1 

^3p, +P, 

where  0  =  angle' of  lag,  or 

X 

Cos  0=- / 


Pi  =  reading  on  wattmeter  indicating  the  larger  amount  of  power. 
Pi  =  reading  on  wattmeter  indicating  the  smaller  amount  of  power. 

Both  the  angle  of  lag  and  the  power-factor  can  be  found,  without 
taking  volt-ampere  readings,  by  the  following  method,  proposed  by 
Mr.  B.  D.  Frankenfield  in  the  "Wisconsin  Engineer": 

•*  In  the  two-wattmeter  method  of  measuring  power  in  a  balanced 
ihree-phase  circuit,   the   following   conditions  obtain: 

'*  (a)  One  wattmeter  will  read  zero  if  the  angle  of  lag  between  the 
pressure  and  the  current  is  equal  to  sixty  degrees,  and  the  power 
in  the  circuit  is  represented  by  (he  reading  of  the  other  instrument. 

"  (b)  When  the  angle  of  lag  is  less  than  sixty  degrees,  the  power 
in  the  circuit  is  obtained  by  adding  the  two  readings. 

"  (c)  When  the  angle  of  lag  is  greater  than  sixty  degrees,  the 
difference  in  the  readings  represents  the  power  in  the  circuit. 

"  It  is  also  similarly  true  that  in  the  two  watt-hour  meter  method  of 
measuring  energy  in  a  balanced  three-phase  circuit,  the  following 
conditions  obtain: 

"  (a)  One  watt-hour  meter  will  not  rotate,  due  to  the  torque  being 
zero,  if  the  angle  of  lag  between  the  pressure  and  the  current  is 
equal  to  sixty  degrees,  and  the  energy  consumed  in  the  circuit  is 
represented  by  the  registration,  for  the  given  interval,  of  the  other 
watt-hour  meter. 

"  (b)  When  the  angle  of  lag  is  less  than  sixty  degrees,  both  watt- 
hour  meters  will  run  forward^  and  the  energy  consumed  in  the 
circuit  is  obtained  by  adding  the  two  registrations  for  the  given 
interval. 

"  (c)  When  the  angle  of  lag  is  greater  than  sixty  degrees,  one 
watt-hour  meter  will  run  forward  and  one  will  run  backward,  and 
the  difference  between,  or  algebraic  sum  of,  the  two  registrations 
represents  the  energy  consumed  in  the  circuit. 

"In  three-phase,  two-element  watt-hour  meters,  as  explained 
above,  the  proper  algebraic  summation  of  the  torque  on  both  ele- 
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it 


ments  is  taken  care  of  by  the  combined  moving  element  feature   of 
the  design. 

This  is  true  whether  the  lag  be  positive  or  negative. 

To  prove  this  theorem,  we  will  assume  a  specific  case  of  star- 
connected  induction  motor.  It  holds  equally  well  for  delta  connec- 
tion, but  it  is  thought  better  to  take  a  specific  case  than  give  a  gren* 
eral  proof. 

"  The    connections    of    the    wattmeters    for    the   measurement     of 
power  are  shown  in  Figs.  129  and  135  in  the  corresponding  vector  dia- 


gram.    OA,   OB  and  OC  represent  the  maximum  e.  m.  fs.  on  windings 
Af  B  and  C  respectively.    The  instantaneous  pressure  will  then  be, 

e^  =  5/2  ^  sin  0, 
^•^z=.y/2  £  sin  (0  — 120°), 
e^  =zy/2  E  sin  (0  —  240**), 

where  E  is  the  effective  e.  m.  f.  on  one  coil. 

"  First,  consider  the  meter  Wi,  The  instantaneous  pressure  im- 
pressed on  its  potential  coil  ^yill  be  30  degrees  in  advance  of  OC^  and 
its  value  will  be, 

e;^c  =  ^3  v/2   ^  sin  (0  —  240*^  +  30**) 

=  v'3>/2   ^  sin  (0  —  210°). 

The  current  in  the  current  coil  will  be 

i^   =^2^  sin  (0  — 240°  — 0), 

where  /  is  the  effective  current  in  one  of  the  mains  and  ^  is  the 
angle  of  lag. 
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'*  The  phase  difference  of  current  and  e.  m.  f.  is  then, 
($—  210'')  —  (  fl'  _  240^  —  0)  =  30*»  +  0. 
Hence  the  component  of  effective  e.  m.  f.  in  phase  with  the  current  is, 

^^Ecos  (30**  +  0) 
and  the  power  as  indicated  by  wattmeter  Wi  will  be 

P,  =>/3  /£  cos  (30**  +  0) (a) 

When0  =  6o^Pl  =  o; 
When  0  <  60**,  Pi  =  a  +  quantity ; 

When  0  >  60°,  Pi  =  a  —  quantity. 

*'  This  means  that,  as  the  angle  of  lag  passes  through  the  value 
6o%  the  terminals  of  the  pressure  coil  of  our  instrument  must  be 
reversed,  or  the  needle  will  disappear  on  the  zero  end  of  its  scale, 
or  in  the  case  of  a  watt-hour  meter  it  will  start  to  run  backward. 

•*  Now,  considering  the  wattmeter  meter  IVi,  we  have  the  pressure  from 
A  to  B  leading  OA  by  an  angle  of  30^  and 

^AB    =>/3v^2^  sin  ((9  +  30°). 
The  instantaneous  current  is,  in  this  case, 

»B=N^  /sin(tf— i2o''-0); 

and  the  phase  difference  between  e.  m.  f.  and  current  is, 

(tf  +  30*)  -(0-  120''  -  0)  =  150°  +  0. 

The  component  of  effective  e.  m.  f.  in  phase  with  the  current  is 

^3  Ecos  (150^  +  0) 
^=y/^Ecos  (30"  — 0). 

Note:  The  supplement  of  (150**  4-0)  is  taken  because  in  practice 
(150**  +  0)  would  be  an  obtuse  angle,  and  this  would  give  a  negative 
sign  which  has  no  practical  significance,  as  the  instrument  would  be  con- 
nected to  read  positive  under  any  circumstances.  All  that  we  need 
to  prove  is  that  the  reading  does  not  change  sign  within  the  limits 
of  0  =  0''  and  0  =  90**.  (30  —  0)  is  the  acute  angle  between  the 
vectors  of  current  Ig  and  pressure  Ej^g. 

"The  power-factor  as  indicated  by  the  instrument  W*  is 

Pt  =  y/IIE  cos  (30*'  — 0) (b) 

When  0  =  60®,  P2  =  a  +  quantity ; 

When  0  <  60**,  Pa  =  a  +  quantity ; 

4  .  ..,  When  0  >  6o^  P.  =  a  +  quantity. 
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Power-factor. 
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*'  This  shows  that  the  instrument  will  read  positive  for  all  values 
of  ^  met  in  practice,  ninety  degrees  being  the  value  of  4>,  which  gives 
a  zero  power-factor. 

"  An  inspection  of  equations  (a)  and  (b)  shows  that  our  theorem 
holds  for  negative  values  of  0,  and  that  the  terminals  of  wattmeter 
IVz  must  be  reversed  at  0  =  60°,  while  those  of  Wi  need  not  be  changed 
throughout  the  entire  range.    This  is  the  case  of  a  capacity  load. 

**  Equations  (a)  and  (b)  may  be  plotted  as  in  Fig.  136,  where  4* 
is  measured  along  the  axis  of  X  and  the  corresponding  relative 
values  of  Pi  and  Ft  along  the  axis  of  Y.  Curves  (a)  and  (b)  corre- 
spond to  equations  (a)  and  (b)  and  are  two  sinusoids  60  degrees 
apart.  Two  simultaneous  ordinates  for  any  value  of  0  will  have 
lengths  proportional  to  the  readings  of  the  wattmeters.  The  third 
curve  (c)  represents  the  ratio  of  the  lesser  reading  to  the  greater. 
The  power-factor,  plotted  on  the  upper  scale,  is  equal  to  cos  0. 
We  will  now  work  a  practical  example,  using  these  curves. 
Suppose  we  desire  to  know  the  relation  between  power-factor 
and  load  of  a  certain  three-phase  motor.  Running  light,  the  instruments 
read  1,340  and  895  watts  respectively.  The  ratio  of  the  less  reading 
to  the  greater  is  0.67.  First  of  all  we  know  that  the  lag  is  positive 
and  we  find  from  curve  (c)  that  there  are  two  positive  values. of  0 
which  will  give  ordinates  in  this  ratio.  One  gives  a  high  power-fac- 
tor and  the  other  a  lower  one.  Our  judgment  tells  us  that  as  the 
motor  is  running  light,  the  power-factor  is  low,  and  we  find  that  the 
lag  is  82  degrees  and  the  power-factor  13  per  cent.  We  also  see 
from  curves  (a)  and  (b)  that  the  number  of  watts  expended  in  the 
circuit  is  equal  to  the  difference  of  the  readings,  or  445. 

"  When  the  machine  is  given  another  increment  of  load  the  power- 
factor  is  obtained  in  the  same  manner,  and  the  difference  of  the 
readings  for  each  increment  of  load  will  represent  the  input  until  a 
power-factor  of  50  per  cent  (corresponding  to  a  lag  of  60  degrees) 
is  reached,  when  one  instrument  will  read  zero.  Its  pressure  ter^ 
minals  must  then  be  reversed  and  the  sum  of  the  readings  will  rep- 
resent the  input  to  the  end  of  the  test. 

"  If  a  person  has  no  idea  of  the  power-factor  on  the  circuit  tested, 
as  might  often  be  the  case,  he  can  vary  the  load  until  one  instrument 
reads  almost  zero.  If  the  reading  of  the  other  decreases  at  the 
same  time,  the  power-factor  is  greater  than  50  per  cent  and  the 
readings  should  be  added;  if  it  increases,  the  power  factor  is  less 
than  50  per  cent,  and  the  difference  of  the  readings  represents  the 
power.    This  is  readily  seen  by  an  inspection  of  the  curves. 

"  Another  instructive  point  which  this  diagram  brings  out  is  that 
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if  both  instruments  indicate  the  same  amount  of  power,  the  lag-  is 
either  o  degrees  or  90  degrees,  and  the  circuit  is  either  in  resonance, 
or  is  entirely  wattless." 

For  reasons  of  convenience  and  economy  in  distribution^  power 
may  be  transmitted  by  means  of  an  alternating  current  of  high  poten> 
tial  and  transformed  to  a  current  of  low  potential,  and  correspon<l- 
ingly  larger  amperage  at  the  consumer's  premises,  by  means  of  loatcl 


2200  V; 


SiNGLL- Phase, 
2-Wire:,  GCN. 


Ljmu 


Transformer 


2-WlPE 
LigmtingIO" 

Circuit  q. 


V  V  V  V  M 

OF 


qJ  itbv 


3'   ri_^ 

Wire.  p-O 


2 -Wire 
Power 


Circuit  Q.  i^ -Ns^  Circuit 

OrCHiibv 

High-    i  i  High-  |  |  High-  i  iSinGLE-Pmase 

Tension  l^jjj^       Tension  i^y^^^       Tension  l^u^j^jj  Motor 

Low-  pi»uilia  Low-  nttn^nUtA  Low-  rOUAfiltq 

Tension  I  |        Tension!     |     |       Tension  I  1 

Pig.  X37' — Single-phase  System  of  Distribution  with  Load  Transformers. 


transformers,  Figs.  137  to  143  inclusive.  Instrument  transformers  are 
used,  for  reasons  of  safety  and  convenience,  in  measuring  energy  in 
circuits  of  high  voltage  or  heavy  amperage,  and  the  same  general 
considerations  are  applicable  to  transformers  used  for  one  purpose 
or  the  other. 

Fig.  144  shows  an  alternator,  star  connected,  supplying  power  to  several 
banks  of  transformers.  Bank  No.  i  is  star-star  connected,  bank  No.  2 
star-delta  connected,  bank  No.  3  delta-star  connected,  bank  No.  4  delta- 
delta  connected,  and  bank  No.  5  open-delta  connected.  These  are  the 
five  general  arrangements  of  transformer  connections.  It  is  necessary 
in  connecting  transformers  in  three-phase  that  they  be  joined  together  in 
proper  relation  to  each  other.    For  the  star-star  connection  (bank  No.  i) 
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three  of  the  ends  of  the  windings  should  be  joined  together  as  shown,  and 
the  other  end  of  each  transformer  winding  connected  to  the  mains  as 
shown.  Assume  the  instantaneous  currents  in  the  high-tension  side  to 
flow  away  from  the  neutral,  or  toward  the  neutral,  as  shown  by  the 
ts.    The  low-tension  side  must  be  connected,  so  that  their  instan- 


with  Load  Trantfon 


taneous  currents  will  all  also  be  made  \< 
toward  the  neutral. 

In  connecting  transformers  in  delta,  asi 
rents  to  flow  around  the  delta  in  the  on 
the  transformers,  SO  that  the  windings  i 
the  high-tension  sides  of  bank  No,  2  are 
is  assumed  to  flow  out  from  the  neutra 
On  the  low-tension  side  the  induced  c 
of  the  arrows,  as  indicated.  In  order,  therefore,  to  properly  connect 
the  low-tension  side  in  delta.,  join  the  transformers  so  that  the  three 
iostantaneous  currents  are  in  series,  all  flowing  in  the  same  direc- 
tion around  the  closed  delta. 


flow  either  away  from  or 

.me  the  instantaneous  cur- 
direction;  that  is,  join  all 
e  in  series.  For  instance, 
ar  connected.  The  current 
as  shown  by  the  arrows, 
will  be  in  the  directions 


178 


ELECTRICAL   METERMAN'S   HANDBOOK 


In  three-phase  systems  abnormal  conditions  may  exist  that  are 
not  dependent  upon  the  loads  connected  to  the  system.  They  result 
from  certain  methods  of  connecting  transformers  (or  similar  appa- 
ratus requiring  a  magnetizing  current)  and  are  known  as  harmonic 
effects.     (Figs,  ag  lo  36  inclusive,  Chapter  II.) 

To  illustrate  this,  consider  transformer  bank  No.  1,  shown  in  Fig. 
144.      This    bank    of    transformers    is    so    connected    that    the    voltage 


3-Pmase  Motor 


3-Pmase  Motor 


across  each  transformer  is  not  actually  the  line  voltage  divided  by 
thf  VX  but  is  somewhat  higher.  This  distortion  is  due  10  the  fact 
that  the  third  harmonic  component  of  the  magnetizing  current  has 
no  return  to  the  transformers.  This  third  harmonic  current  is  a 
t  of  triple  frequency  normally  present  in  current  supplied  by 
cial  generators.  (Fig.  36,  Chapter  II.) 
The  fundamental  waves  of  the  three  phases  are  shown  in  Fig. 
39,  Chapter  11.  The  triple  frequency  waves  are  also  shown  in  each 
phase.  It  is  seen  that  the  triple  frequency  waves  in  each  phase  are  in 
phase   with   each   other;   and,   therefore,   do  not.   algebraically,   add  up   lo 
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zero.  Since  the  sum  of  the  currents  in  a  three-phase  system  must  equal 
zero,  the  third  harmonic  currents  cannot  flow  and  maintain  this 
condition.  As  a  result,  the  transformers  do  not  receive  their  normal 
value  of  magnetizing  current,  and  the  voltage  wave  of  each  trans- 
former is  distorted  from  the  sine  wave  shape  by  the  presence  of  a 
prominent  third  harmonic.  It  is  this  distortion  of  the  e.  m.  f.  wave  that 
causes  the  rise  in  voltage  across  each  transformer  of  the  star-Star  con- 
nected bank  in  Fig.  144. 
To  overcome  this  distortion,  it  is  necessary  to  provide  a  path  that 


will  permit  the  triple  harmonics  to  flow  and  neutralize  themselves. 
It  can  be  done  in  two  ways  as  follows: 

(i)  By  connecting  the  neutral  of  the  transformers  to  the  neutral 
of  the  generating  system,  through  a  metallic  conductor,  or  the 
ground,  as  discussed  later. 

(a)  By  connecting  cither  the  high-tension  aide  or  the  low-tension 
«de  of  the  transformer  in  delta. 

Bj  completing  the  neutral  connection  from  generator  to  trans- 
formers, the  third  harmonic  can  then  8ow  over  the  fourth  wire,  or 
connection,  and  the  balance  of  the  system  will  be  restored.  In  like 
manner  by  connecting  one  side  of  the  transformers  in  closed  delta, 
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the  third  harmonic  will  flow  around  the  closed  delta.  In  either 
method,  the  balance  of  the  system  is  restored  and  the  third  harmonic 
in  the  voltage  wave  disappears.  Transformer  bank  No.  2  (Fig.  144) 
will  operate  safely,  since  it  is  provided  with  a  closed  delta.  . 

Grounding  the  neutral  point  of  the  star  connected  transformers, 
and  the  generator  neutral,  xpight  establish  a  balance,  as  intimated 
above,  but  this  depends  upon  whether  the  resistance  of  the  ground 
between  the   neutrals   is   sufficiently  low   to   act  as   a   return   wire. 
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Pig.  145. — Meastu-ement  of  Power,  or  Energy,  Delivered  in  a  Three-phase,  Three-wire  Cir- 
cuit with  Instnunent  Transformers  and  Two-meter  Method. 


Where  this  system  is  used  on  three-phase  banks  of  load  transform- 
ers, the  two-meter  method  will  not  measure  the  power,  because  the 
system  becomes  equivalent  to  a  four-wire  circuit. 

In  the  case  of  alternating  current  circuits  carrying  large  currents, 
or  operating  at  high  voltages,  transformers  are  used  to  reduce  the 
values  of  voltage  and  current  applied  to  the  meter  in  a  fixed  ratio, 
which  will  bring  them  within  the  range  of  a  meter  of  ordinary  con- 
struction (Chatper  V).  Current  and  voltage  transformers  should  be 
employed  in  all  high  voltage  circuits  for  purposes  of  insulation,   inde- 
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pcndently  of  whether  the  value  of  current  requires  theiti,  and  also  on 
account  of  the  greater  safety,  flexibility  and  convenience  secured  by  their 
use.  Care  must  be  taken  in  connecting  these  transformers  that  the  direc- 
tion of  flow  of  current  in  (he  low-lension  circuit  through  the  watt-hour 
meter  is  the  same  as  if  the  high-tension  circuit  were  connected  directly 
(Fig.  45  and  explanation  in  Chapter  11). 

The  same  precautions  previously  stated  in  ree:ard  to  load  trans- 
formers  must  be  observed  when  connecting  potential  transformers 
for  use  with  instruments  or  watt-hour  meters  on  three-phase  circuits. 

In   the  two-meter  method  of  energy  measurement,  the  voltage  trans- 


formers  used  to  step  down  the  voltages  for  the  watt-hour  meter  potential 
coils  are  tapped  across  the  mains,  as  shown  in  Fig.  145. 

In  this  case  each  transformer  can  be  considered  as  being  on  a 
single-phase  circuit,  the  middle  wire  acting  as  a  common  return  for 
both  transformers.  Since  this  is  not  a  condition  of  three>phase  con- 
nections, affected  by  third  harmonic  currents,  each  transformer  will 
receive  its  proper  magnetizing  current  and  the  conditions  will  be 
normal,  as  far  as  harmonic  effects  are  concerned. 

In  the  three-meter  method  of  energy  measurement  the  voltage 
transformer  must  be  connected  star  on  the  high-tension  sides  (Fig. 
146).  The  reason  is  evident,  since  the  transformer  high-tension  windings 
must  have  the  same  voltage  across  them  as  the  watt-hour  meter  po- 
tentials would  have  if  connected  directly  in  circuit.     It  will  not  do 
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to  connect  the  high-tension  sides  delta  and  the  low-tension  sides  star, 
since  this  will  change  the  phase  relation  of  the  potentials. 

Therefore,  it  is  essential  that  the  high-tension  sides  be  connected 
star.  If  the  low-tension  sides  are  connected  star  also,  as  shown  in 
bank  No.  i,  then  the  neutral  of  the  high-tension  star  must  be  connected 
to  the  neutral  of  the  generating  system  to  maintain  a  normal  potential. 

* 

If  the  low-tension  sides  are  connected  delta  (bank  No.  2,  Fig.  144},  it 
will  not  be  necessary  to  connect  the  neutral  of  the  high-tension  side  to 
the  generator  neutral,  since  the  closed  delta  preserves  the  balance.  It 
is  important  that  the  delta  remain  closed  during  the  operation  of  the 
system,  because  if  open,  the  voltage  across  each  transformer  inrill 
increase  appreciably. 

As  previously  stated,  this  increased  voltage,  due  to  the  higher 
harmonics,  does  not,  however,  cause  any  error  in  the  registration  of 
the  watt-hour  meter,  if  it  is  so  designed  as  to  be  accurate  on  the 
higher  voltage  and  altered  wave  form,  since  the  change  in  power- 
factor  exactly  neutralizes  the  effect  on  the  watt-hour  meter  of  the 
higher  potential. 

This  is  demonstrated  by  E.  Arnold  in  Volume  I  of  Die  Wechsel- 
stromtechnik,  page  305. 
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CHAPTER   V 

LABORATORY,  STANDARDS  AND  INSTRUMENTS 


CHAPTER    V 
Laboratory,  Standards  and  Instruments 

To  select  a  suitable  equipment  of  standards  and  instruments,  and 
to  use  them  in  such  a  manner  as  to  obtain  the  best  results,  is  a  prob- 
lem often  difficult  of  solution  for  those  whose  opportunities  of  ob- 
taining information  on  such  subjects  have  been  limited. 

The  purpose  of  this  chapter  is  to  present  to  those  central  station 
metermen,  who  have  not  had  specific  training  in  instrument  work, 
some  of  the  principles  involved  in  electrical  measurements;  the  fea- 
tures of  the  designs  of  various  types  of  instruments  used  in  connec- 
tion with  the  maintenance  of  watt-hour  meters,  and  the  combined 
results  of  the  experience  of  many  operating  companies  as  regards 
the  selection  of  suitable  standards  and  general  laboratory  practice 
in  their  use.  Some  of  the  data  set  forth  may  be  regarded  by  many  as 
academic,  but  it  is  believed  that  the  average  man  intrusted  with  the 
care  of  instruments  will  find  material  which  will  prove  heloful. 

Concrete  standards  of  the  practical  units  of  the  International  Sys- 
tem arc  preserved  by  the  United  States  Government  in  the  Bureau 
of  Standards  of  the  Department  of  Commerce  and  Labor,  at  Wash- 
ington, D.  C. 

This  institution  is  the  final  authority  in  the  United  States  for  the 
values  of  electrical  standards.  Other  laboratories  maintain  standards 
in  agreement  with  those  of  the  Bureau  of  Standards,  at  Washington, 
and  like  it,  are  prepared  to  measure  and  certify  to  the  values  of 
suitably  constructed  standards  submitted  for  this  purpose. 

It  is  not  practical  for  any  operating  company  to  submit  all  its 
instruments  to  such  laboratories  at  intervals  frequent  enough  to 
insure  unimpaired  accuracy;  so,  for  this  reason,  it  is  necessary  to 
provide  primary  standards  which  are  in  agreement  with  those  of  the 
National  Bureau,  and  to  use  them  in  calibrating  secondary  standards 
and  working  instruments. 

The  equipment  of  a  laboratory  suitable  for  central  station  meter 
work  is  dependent  upon  many  factors.  Consideration  should  be 
given  to  the  money  available,  th^  class  of  current  generated,  and  the 
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facilities   offered   by    independent    testing   authorities    of    recognized 
value. 

Companies  located  within  reasonable  distance  of  the  National  Bu- 
reau of  Standards  at  Washington,  D.  C,  the  Electrical  Testing 
Laboratories  at  New  York,  the  laboratories  of  instrument  makers 
or  of  universities,  etc.,  may  not  require  so  extensive  an  equipment 
as  those  not  so  conveniently  located,  as  the  primary  standards  of 
these  institutions  may  be  used  to  check  the  secondary  standards  of 
operating  companies. 

As  to  the  expenditure  involved  in  furnishing  suitable  testing  facil- 
ities and  instruments,  much  depends  upon  the  size  of  the  company 
and  the  character  of  the  service.  A  limited  amount  of  equipment, 
fully  adequate  to  give  reliable  results  in  a  smaller  company,  will 
not  be  sufficient  for  one  of  larger  size;  while  companies  supplying- 
both  alternating  and  continuous  current  require  instruments  of  dif- 
ferent style  from  those  necessary  in  cases  where  but  one  class  of 
service  is  supplied. 

The  selection  of  instruments  best  adapted  to  meet  the  require- 
ments of  a  particular  case,  is  a  very  important  matter,  and  should 
receive  careful  attention.  The  most  suitable  types  and  ranges  must 
be  determined  by  the  kind  of  service  for  which  they  are  to  be  used, 
and  the  degree  of  accuracy  required. 

The  reliability  of  any  instrument  depends  upon  the  type,  design, 
materials  and  methods  of  construction.  While  the  basic  principle 
of  all  instruments  of  a  particular  class  is  the  same,  it  is  frequently 
true  that  there  are  features  of  construction  and  material  which  may 
be  peculiar  to  the  designs  of  certain  manufacturers,  and  absent  in 
those  of  another.  These  features  may  or  may  not  enhance  the  value 
of  an  instrument,  and,  while  the  effect  of  some  is  very  apparent, 
others — and  particularly  those  which  may  be  detrimental — can  only 
be  detected  by  a  critical  examination  and  test.  Therefore,  in  the 
case  of  primary  standards,  it  is  best,  prior  to  purchase,  to  submit  the 
instruments  under  consideration  to  a  capable  testing  laboratory  for 
examination  and  certification  of  accuracy.  This  precaution  affords 
the  purchaser  insurance  against  defective  instruments,  and  promotes 
confidence  in  the  use  of  those  instruments  to  which  the  accuracy 
thereof  has  been  certified. 

In  general,  instruments  operating  upon  a  null  or  balance  principle  * 
arc  more  reliable  than  deflection  instruments   (Figs.   147  and  148).     The 
potentiometer,   and   instruments   of  the   Kelvin   balance   type,   operate   on 
this  principle,  while  direct  reading  voltmeters  and  ammeters  are  deflec- 
tion instruments.     Null  instruments  are  required  for  work  of  the  highest 
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possible  accuracy,  but  are  expensive,'  slow  to  operate,  and  require  steady 
current  and  voltage.     In  the  case  of  the  polentiomeler,  a  storage  battery 
supply  is  essential.     Deflection  instruments  are  much  cheaper,  quicker  to 
operate,  and  do  not  require  especially  steady  conditions  (Fig.  149). 
Whatever  type  is  selected  should  be  the-best  obtainable  in  design 


and  construction;  due  consideration  being  given  to  the  character  of 
service  required.  All  instruments  should  be  as  free  as  possible  from 
errors  due  to  the  effect  of  temperature,  stray  fields,  vibration,  and 
mechanical  imperfections.  Indicating  instruments  should  be  pro- 
vided with  accurately  laid-oul  scales,  the  divisions  of  which  are  easily 
readable  and  the  values  plainly  marked. 
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Laboratory  Equipment 

Fundamental  electrical  atandarda  are  essentially  for  continuous 
current.  The  methods  for  continuous  current  standardization  are 
based  upon  the  potentiometer  principle  which  is  recognized  as  the 
most  accurate  method  for  the  purpose;  reliability  being  based  upon 
the  accuracy  and  permanence  of  standard  resistances  and  standard  cells. 

The  primary  atandarda  of  a  central  station  laboratory  remotely- 
located  with  reference  to  facilities  for  independent  testing  should 
consist    of    a    potentiometer,    standard    celts,    and    standard 


Fjc.  148.— Piecliion  VoltmeUi.  Kelvin  Bslance  Tjtm,  foi  Use  on  AltemMina  and  Continuoui 

With  these,  the  values  of  electromotive  force,  resistance  and  current  can 
be  accurately  measured  in  terms  of  the  fundamental  units.  Accessories 
to  the  potentiometer  are — a  storage  cell  for  supplying  the  current,  a  regu- 
lating  rheostat,   volt  box.  and   galvanomeler. 

Primary  standards  are  not  suitable  (or  general  use,  but  should  be 
used  for  the  purpose  of  checking  secondary  standards;  the  latter 
being  those  with  which  the  working  instruments  are  compared. 

For  continuous  current  service,  the  secondary  standards  required 
consist  of  a  laboratory  type  of  continuous  current  voltmeter,  and  a 
millivollmeter  with  shunts. 

If  alternating  currrent  instruments  are  to  be  tested,  the  secondary 
standards  must  be  of  the  transfer  type,  i.e.,  those  which   may  be 
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tested  on  continuous  current  and  used  without  appreciable. error  on 
alternating  current  of  commercial  frequencies.  For  this  purpose  it 
will  be  necessary  to  provide  a  voltmeter,  wattmeter  and  ammeter. 

For  ordinary  voltages  a  resistance  multiplier  may  be  used  in  con- 
nection with  the  wattmeter  or  voltmeter,  but  for  potentials  in  excess 
of  750  volts,  the  range  should  be  extended  by  means  of  a  voltage 
transformer. 

For  the  measurement  of  current  the  capacity  of  the  ammeter  need 
not  exceed  5  amperes,  as  current  transformers  may  be  used  to  extend 
the  range  of  the  instrument  to  any  desired  value. 


,    Pk.  149. — PrecuionW 

1       For  the  measurement  of  alternating  current   power  a  wattmeter 
'    is  required,  as  the  formula — 

'  Watts  =  Volts  X  Amperes,  or 

-     F  =  El 

is  true  only  for  cases  where  the  power-factor  of  the  circuit   is  unity. 

The  working  standards  uaed  in  calibrating  watt-hour  meters  con- 
list-  of  portable  indicating  voltmeters,  millivolttnelers  with  shunts, 
immeters,  wattmeters,  and  watt-hour  meters  known  as  "  rotating 
standards"   (Figs.   150  and  151). 

Integratiiig  electrical  meters  involve  the  element  of  time  as  well 
as  quantity.  A  watt-hour  meter  gives  a  reading  proportional  to  the 
product    of    the    average    power    and    lime,    or,    in    other    words,    to    the 
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energy  that  has  passed  through  it.  Thus,  loo  watts  for  lo  hours,  or 
10  watts  for  too  hours,  or  50  watts  for  20  hours,  are  integrated,  or 
summed  up,  by  the  register,  and  indicated  as  1,000  watt-hours,  or  1 
kilo  watt- hour,   (Chapter  III)-, 

In  testing  watt-hour  meters,  therefore,  it  is  necessary  to  accurately 
measure  the  time  as  well  as  the  value  of  the  power  that  has  passed 
through  it. 

The  master  standard  for  the  measurement  of  time  should  be  an 
accurately  regulated  clock,  with  a  pendulum  beating  seconds,  having 
a  reliable  electrical  contact  device,  by  means  of  which  signals  can 
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be  sent  or  relays  operated.  Instead  of  a  clock,  an  accurate  chronometer 
contact  may  be  used.  Stop  watches  are  generally  used  as  secondary  and 
working  standards.  Automatic  relay  timing  devices  connected  to  the 
master  clock  are  more  accurate  than  stop  watches  for  use  in  the  labora- 
tory where  higher  accuracy  is  desired. 

Voltmeters,  and  millivoltmeters  with  shunts,  used  as  smmeters,  or 
ammeters,  are   used   in    conjunction  with   stop   watches  for   testing 

Wattmeters  and  stop  watches  are  used  for  testing  alternating 
current  watt-hour  meters,  and  rotating  standards  are  used  for  botti 
alternating  and  continuous  current  watt-hour  meter  testing. 

A  Wheatstone  bridge  affords  an  admirable  means  of  determining 
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the  resistance  of  voltmeters,  multipliers,  the  potential  circuits  of 
wattmeters,  and  watt-hour  meters. 

A  frequency  meter  is  useful,  and,  where  the  testing  circuit  is  sup- 
plied by  a  motor  generator  set,  is  absolutely  necessary  unless  the 
generator  is  driven  by  a  synchronous  motor  from  a  system  of  known 
frequency.  / 

A  power-factor  meter  may  be  employed  to  advantage  in  certain 
kinds  of  tests,  though,  for  most  purposes,  a  voltmeter,  ammeter 
and  wattmeter  may  be  used  in  its  stead.     The  fact  that  it  is  less 
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Pso.  153. — Connections  for  Four  Cell  Storage  Battery,  Switches  as  Shown  for  Bight  Volts, 
Center  Switch  Down  for  Pour  Volts,  all  Switches  Down  for  Two  Volts. 

difficult  to  read  one  instrument  than  to  read  three  is  often  the  deter- 
mining factor  when  considering  the  choice  of  methods. 

In  the  laboratory  a  steady  testing  current  is  essential.  For  contin- 
aous  currents  the  supply  is  best  obtained  from  storage  batteries. 
For  currents  up  to  1,000  amperes  storage  cells  may  be  conveniently 
mounted  on  a  truck,  to  be  wheeled  about  the  laboratory,  and  par- 
ticularly in  order  to  permit  of  their  removal  to  other  places  for 
charging;  the  presence  of  acid  spray  in  the  neighborhood  of  instru- 
ments is  undesirable,  and  this  condition  is  produced  when  cells  are 
charged  in  the  same  room  with  laboratory  instruments. 

A  convenient  source  of  potential  in  checking  voltmeters,  etc.,  is 
afforded  by  a  bank  of  small  storage  cells  of  8  to  20  ampere-hours 
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capacity — the  number  depending  upon  the  maximum  voltage  to  be 
supplied,  and  the  capacity  depending  upon  how  large  a  current  nrill 
be  drawn  at  any  time.  The  cells  for  supplying  potential  should  be 
located  in  a  separate  room,  if  possible,  and  wired  to  suitable  terminals 
in  the  laboratory. 

The  cells  \iscd  as  a  source  of  heavy  current  should  be  wired  to  a 
switchboard  having  switches  so  arranged  that  all  cells  may  be  con- 
nected in  parallel,  two  halves  of  the  battery  in  series  parallel,  or  the 
total   number  of  cells   in  series.     A  voltmeter  should   be  provided 


Pic.  153. — Motor  Generator  Equipment  with  Separate  Generatois  for  Supply  of  Current 

which  will  read  the  voltage  of  each  cell  separately  or  the  voltage  of 
the  discharge  circuit.  This  assists  in  determining  the  condition  of 
individual  cells. 

A  method  of  arrangement  suitable  for  use  with  four  cells  of  battery 
is  illustrated  in  Fig.   152, 

The  best  resistance  for  heavy  current  consists  of  metallic  resist- 
ance strips  provided  with  single  pole  switches  for  coarse  regulation, 
and  a  small  carbon  rheostat  in  parallel  for  fine  regulation.  , 

A  steady  alternating  current  is  best  obtained  by  means  of  a  motor    ' 
generator.     In  tnost  cases  it  is  more  satisfactory  to  employ  a  gen-    ■ 

.   eratnr    Hrivpn    liv   a    synchronous    motor,    since    the    freouencv    of    tli^     ' 


nected  on  the  same  shaft  mounted  on  one  base.  Tiie  set  is  driven 
at  1,800  r.  p.  in.  by  a  7.5  kilowatt,  220  volt,  two-phase  synchronous 
'motor.  The  current  for  testing  is  obtained  from  the  current  gener- 
ator, which  is  of  5  kilowatt,  200  ampere,  25  volt  capatily.  Potential 
for  testiDg  is  supplied  from  either  of  two  exactly  similar  potential 
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generators,  whose  rating  is  i  kilowatt,  5  to  10  amperes,  100  to  aoo 
volts.  The  fields  of  both  potential  generators  are  arranged  with  a 
rack  and  a  worm  gear,  so  that  they  can  be  rotated  through  90 
geometric  degrees  or  180  electrical  degrees. 

The  test  board  used  in  conjunction  with  the  above  set  is  wired  with 
two  potential  buses  so  that  a  potential  in  phase  with  the  current  is 
supplied  to  one  potential  bus  and  a  potential  of  any  other  desired 
phase,  in  order  to  obtain  a  power-factor,  can  be  supplied  to  the  other 
potential  bus.  The  Reld  of  the  potential  generator  supplying  poten- 
tial out  of  phase  with  the  current  generator  is  displaced  mechan- 
ically by  means  of  the  above-mentioned  rack  and  gear. 

One  used  by  the  United  Electric  Light  &  Power  Company,  of  New 
York,  is  illustrated  in  Fig.  154. 

This  apparatus  consists  of  a  4  pole,  three-phase,   15  h.p.   synchronous 
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Pig.  155' — ^Auto-transformer  for  Obtaining  Heavy  Alternating  Currents. 

motor,  direct  connected  to  and  mounted  on  the  same  base  with  a  10  pole, 
two-phase, .  10  k.  v.  a.  125  volt  alternator. 

The  armature  of  the  generator  is  of  the  closed  circuit  type  of 
winding,  and  the  fields  of  both  motor  and  generator  are  arranged 
for  excitation  at  125  or  250  volts. 

To  supply  heavy  currents  for  alternating  current  ammeters  and 
the  current  coils  of  wattmeters  and  watt-hour  meters,  transformers 
should  be  provided  with  the  low-tension  winding  voltage  of  such  value 
that  steps  of  from  two  to  ten  volts  may  be  obtained.  The  voltage  re- 
quired depends  upon  the  lengths  and  size  of  the  leads,  the  drop  in 
each  instrument,  and  the  number  of  instruments  to  be  in  circuit  at 
one  time. 

A  series  auto-transformer  may  be  used  to  economize  power  for 
heavy  current  measurement.     Such   a  device  is  illustrated   in   Fig.    155. 

The  standard  and  instrument  under  test  should  be  connected  in 
iltt  low-tension  circuit 


LABORATORY,   STANDARDS  AND  INSTRUMENTS      195 

Under  this  condition,  when  a  series  auto-transformer  is  used  for 
tests  on  watt-hour  meters,  the  phase  displacement  of  the  current  in 
the  low-tension  winding  effects  both  the  indications  of  the  standard  and 
the  instrument  under  test. 

Resistance  boxes  and  rheostats  should  be  provide(#  for  the  con- 
trol of  voltage  and  current.  Slide  resistances  are  very  convenient  where 
fine  control  is  desired,  and  may  be  so  connected  as  to  provide  a  ready 
means  of  varying  voltage  when  testing  voltmeters.  Carbon  rheostats 
are  satisfactory  for  current  control  up  to  150  amperes.     Carbon  tends  to 
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Pk.  156. — Diagram  of  Circuits  for  Use  in  Calibrating  Instruments  by  Means  of   Primary 

or  Secondary  Standards. 

lower  in  resistance  with  an  increase  of  temperature.  For  this  reason 
carbon  rheostats  cannot  be  set  to  definite  values  of  resistance. 

Testing  circuits  should  be  provided  with  switches,  rheostats  and 
binding  posts  of  ample  capacity.  The  wiring  should  be  well  insu- 
lated and  so  arranged  as  to  avoid  loops.  The  best  plan  is  to  run 
all  wires  as  close  together  as  possible,  and  thus  neutralize  the  effect 
of  stray  fields  in  the  test  circuit. 

Pig.  156  illustrates  the  arrangement  of  circuits  which  are  well 
adapted  for  use  in  calibrating  instruments  by  means  of  primary  or 
secondary  standards. 
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The  circuit  which  is  intended  to  be  used  in  testing  watt-hour  me- 
ters should  be  so  arranged  that  the  meter  being  tested  can  be  com- 
pared at  low  power-factors  with  a  standard  of  known  accuracy. 

When  a  polyphase  circuit  is  available,  the  meter  can  be  tested 
under  conditions  of  low  power-factor  without  the  use  of  a  load  which 
would  actually  produce  that  condition  on  the  line. 

FiR-  157  shows  an  arrangement  which  may  be  used  on  experimental 
work  and  for  various  kinds  of  single-phase  and  polyphase  tests  on 
watt.-hour  meters. 

A  three-wire  circuit  is  used  and  the  power  supplied  may  be  either 
two-phase  or  three-phase.  By  referring  to  the  diagram  it  can  be 
seen  that  the  series  coils  of  the  watt-hour  meters  are  connected  to 
the  middle  line  of  the  circuit,  and  that  there  is  a  lamp  board  in  each 
of  the  other  sides.  A  smaller  auxiliary  lamp  boar^,  with  slide  re- 
sistances and  switches  arranged  for  series  or  multiple  connection 
of  lamps  can  be  connected  to  either  of  the  main  lamp  boards. 

Current  is  supplied  to  the  shunt  circuit  through  a  two-point  plug  P, 
which  fits  any  two  of  the  points  in  the  three-point  receptacle.  This  plug 
is  connected  to  the  testing  circuit  by  means  of  flexible  leads,  and  may  be 
used  as  a  reversing  switch.  The  three  points  of  the  receptacle  connect  to 
the  three  sides  of  the  main  line. 

A  similar  plug  P'  and  receptacle  are  provided  for  switching  on  the 
primary  of  an  induction  regulator.  This  regulator  has  its  low-tension 
winding  on  a  drum  which  can  be  revolved  through  180  degrees. 
This  gives  gradual  changes  from  maximum  secondary  voltage  in  one 
direction  to  maximum  in  the  opposite  direction.  It  is  used  as  a 
voltage  regulator  or  phase-shifter,  depending  on  whether  the  high-tension 
winding  is  connected  to  the  same  phase  as  the  potential  element  of  the 
watt-hour  meter,  or  to  another  phase. 

A  small  transformer  with  taps  for  various  voltages  is  placed  on 
the  potential  circuit.  This  can  be  an  auto-transformer,  but  is  prefer- 
ably one  of  the  shunt  type.  The  objection  to  the  auto-transformer, 
or  to  omitting  the  transformer  entirely,  is,  that  there  is  more  oppor- 
tunity for  short  circuits,  due  to  bringing  the  wrong  side  of  the 
potential  circuit  into  contact  with  the  series  circuit.  The  series  auto- 
transformer  is  put  in  simply  to  economize  power  in  testing  heavy 
current  meters.  A  small  current  in  the  lamp  bank  will  give  a  heavy 
current  in  the  series  coils.  This  transformer  is  cut  in  or  cut  out 
by  means  of  switches  X,  Y  and  Z,  and  is  used  only  when  the  current 
required  is  more  than  the  capacity  of  the  lamp  bank. 

When  switch  X  is  to  the  left,  Y  open,  and  Z  closed,  the  current 
from  line  B  passes  through  the  series  coils  of  the  meters  and   returns 
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to  the  line  through  one  of  the  lamp  banks.    When   X   is  to   the  right 
and    y    and    Z   closed,    the    current    from    line    B    passes    through    the 
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Pig.  157. — Diagram  of  Circuits  for  Use  in  Testing  Single  and  Polyphase  Watt-hour  Meters. 

coils  of  the  series  auto-transformer  and  to  the  line  by  way  of  the 
lamp  banks.  Switches  Y  and  Z  connect  the  current  coils  of  the 
meters  to  one  turn  of  the  transformer  winding.     If  there  is  a  total 
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of  ten  turns,  with  10  amperes  flowing,  a  current  of  approximately  100 
amperes  will  circulate  through  the  turn  connected  to  the  current 
binding  posts. 

With  the  series  current  all  passing  through  one  lamp  board,  and 
the  potential  element  plugged  in  on  the  pair  of  wires  that  supply  the  same 
lamp  board,  the  connection  is  the  same  as  on  any  single-phase  circuit. 

If  the  circuit  is  two-phase,  a  power-factor  approximately  zero  can 
be  obtained  by  connecting  the  potential  circuit  to  the  second  phase, 
leaving  the  series  circuit  as  it  was.  The  performance  of  a  watt-hour 
meter  at  zero  power-factor  is  a  reliable  indication  as  to  what  it  will 
do  at  all  power-factors  between  that  and  unity.  A  test  at  zero  power- 
factor  is  a  simple  one  to  make,  as  there  is  no  necessity  for  reading 
voltage  or  current  accurately,  and  adjustments  can  be  made  with 
greater  facility,  since  the  moving  element  does  not  have  to  be  timed, 
the  usual  adjustment  being  to  make  the  moving  element  stand  still 
when  the  standard  reads  zero  at  an  apparent  load  about  equal  to 
the  full  rated  load. 

If  the  load  is  on  the  side  indicated  by  the  letters  B  C,  and  the 
potential  plug  is  connected  to  h'  c\  the  power-factor  is  about  unity. 
Transferring  the  plug  to  a'  h'  gives  about  zero  power-factor.  To 
make  the  -  .power- factor  exactly  zero,  a  little  current  from  the  same 
phase  as  the  potential  element  can  be  combined  with  the  series  current  B  C 
to  produce  a  resultant  in  quadrature  with  the  voltage  a  h.  The 
small  lamp  board  is  connected  to  the  A  B  side  for  this  purpose. 
If  the  difference  in  phase  between  the  potential  element  voltage  and  series 
current  is  greater  than  90  degrees,  a  proper  adjustment  of  current  in 
the  small  lamp  board  will  give  the  required  result.  If  less  than  90 
degrees,  any  current  in  the  small  lamp  board  will  raise  the  power- 
factor  instead  of  lowering  it.  In  this  event  it  is  necessary  to  reverse 
one  phase  of  the  main  circuit.  This  is  shown  graphically  in  Fig.  158. 
The  same  relation  between  potential  element  voltage  and  current  in  the 
lamp  board  B  C,  is  shown  by  the  lines  E  and  Ihc.  The  angle  of  lag  of  Ihc 
behind  E  being  more  than  90  degrees,  some  current,  lab,  combined 
with  Ihc,  will  give  a  resultant  current  /  in  quadrature  with  E, 

If  Ihc  is  lagged  less  than  90  degrees  behind  E,  the  addition  of  any 
current  in  the  direction  of  lab  would  reduce  the  angle  still  further, 
thereby  increasing  the  power-factor.  To  illustrate  the  latter  point, 
the  current  I\  with  less  than  90  degrees  lag,  is  combined  with  lah. 
The  projection  of  E  upon  the  resultant  current  vector  is  greater  than 
upon  /'.  Reversing  /'  gives  it  the  position  I",  in  which  it  is  readily 
combined  with  any  current  in  the  direction  lab  to  produce  a  re- 
sultant in  quadrature  with  E, 
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On  first  glance  at  the  diagram  this  looks  like  a  change  from  lag- 
ging to  leading  current,  but  the  adjustment  is  required  only  at  zero 
power-factor  where  there  is  no  difference  between  lag  and  lead.  If 
there  are  special  conditions  which  make  it  necessary  to  consider  the 
direction  of  current,  E  can  be  reversed  at  the  potential  plug  without 
changing  lab. 

Loads  at  any  power-factor,  lagging  or  leading  current,  can  be 
obtained    by    varying    the    proportion    of    lamps    on    the    two    boards. 
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Pig.  XS9- — Diagram  of  Three-phase  Circuit 
for  Use  in  Testing  at  Various  Power-factors. 


Fig-  157  shows  only  one  regulating  resistance,  which  can  be  put  in 
either  phase.  It  should  always  be  in  the  same  phase  as  the  shunt 
circuit,  as  that  is  where  it  gives  the  maximum  regulation  of  true 
load.  In  adjusting  this  regulating  resistance  to  keep  the  reading  of 
the  standard  wattmeter  constant  as  the  line  voltage  varies,  slight 
changes  in  the  power-factor  are  introduced  on  account  of  the  com- 
ponent in  the  other  phase  not  being  changed  in  the  same  proportion 
at  the  same  time.  It  is  not  worth  while  to  attempt  to  regelate  both 
phases,  as  there  is  no  object  in  measuring  the  power-factor  with  the 
degree  of  accuracy  required  in  measuring  true  load. 
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With  a  three-phase  circuit,  the  various  power-factors  are  obtained 
in  a  similar  way.  For  zero  power-factor  the  load  is  about  equally 
divided  between  the  two  lamp  banks  and  the  potential  element  current  is 
supplied  from  the  outside  lines. 

Fig.  159  shows  this  connection.  Eac^  Ehc  and  Eba  represent  the 
phase  relations  of  the  voltages.  Ihc  and  Iba  are  the  current  vectors 
for   the   lamp   boards   B    C   and    B   A    respectively.    Their    resultant,    /. 
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Pig.  160. — Diagram  of  Circuit  for  Use  in  Testing  at  Various  Power-factors  Obtained  with 

Reactance  Coil. 


will  be  in  quadrature  with  Eac  when  they  are  about  equal.  By 
increasing  one  and  decreasing  the  other,  the  direction  of  /  can  be 
changed  to  take  any  position  between  thenip  the  total  angle  being 
about  60  degrees.  This  corresponds  to  a  range  of  power- factor  from 
zero  to  0.5  both  ways,  or  from  60  degrees  lead  when  the  load  is  all 
on  B  A,  to  60  degrees  lag  when  the  load  is  all  on  B  C.  For  power- 
factors  above  0.5  the  potential  element  is  plugged  on  Ebc^  or  Eac.  Under 
the  conditions  of  series  current  shown  in  Fig.  159,  such  a  change  in  phase 
of  potential  element  voltage  would  change  the  power-factor  from  zero  to 
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about  0.866.  If  the  load  is  all  on  one  lamp  board,  and  the  potential  ele- 
ments are  fed  from  the  same  phase  as  the  other  lamp  board,  the  power- 
factor  is  again  0.5,  but  any  combination  of  currents  from  the  two  phases 
gives  a  higher  ijower- factor.  For  example,  the  potential  elements  may  be 
plugged  on  Ebc,  while  the  current  is  all  on  the  lamp  board  B  A.  The 
angle  of  lag  is  60  degrees  or  the  power-factor  is  0.5.  Gradually  shifting 
the  load  from  B  A  to  B  C  changes  the  power-factor  through  successive 
steps  until,  when  it  is  all  on  B  C,  the  power-factor  is  unity. 

The  use  of  the  induction  regulator  in  adjusting  the  phase  relation 
of  the  potential  element  and  series  currents  affords  a  means  of  quickly 
making  comparatively  small  adjustments  in  phase  and  voltage  of  the 
potential  element  circuit. 

The  binding  posts  for  connections  in  parallel  with  the  lamp  boards 
are  convenient  when  the  load  has  to  be  increased  beyond  that  which 
can  be  obtained  with  the  lamps,  and  also  for  putting  in  any  special 
load.  As  the  two  lamp  boards  have  a  permanent  connection  on  one 
side,  a  single  wire  connected  between  the  opposite  sides  puts  them 
in  parallel.  All  of  the  lamps  in  both  lamp  boards  are  then  available 
for  single-phase  tests,  but  the  outside  switches  must  not  both  be 
closed  at  the  same  time. 

The  small  lamp  board  illustrated  in  Fig.  157  affords  a  ready  means 
of  regul<iting  a  large  current  by  controlling  a  small  fraction  thereof. 
I.  2,  3,  4  and  5  are  16  c-p.  lamps,  and  5*,  S,  S,  S,  S,  two- point  switches. 
If  55  is  to  the  right,  and  all  the  others  open,  the  five  lamps  are  in  series. 
By  proper  manipulation,  any  series,  parallel  or  multiple  series  combination 
may  be  obtained.  As  shown  in  the  figure,  i  and  2  are  in  series,  3  is  across 
the  line,  and  4  and  5  are  in  series  in  multiple  with  i  and  2. 

Various  other  methods  of  obtaining  conditions  under  which  watt- 
hour  meters  may  be  tested  for  accuracy  on  inductive  loads  are  avail- 
able, the  best  known  of  these  being  the  reactance-coil  method,  the 
two-generator  method,  the  two- transformer  method,  the  two-phase 
resistance  method,  and  the  three-phase  method,  all  of  which  are 
illustrated  and  described  as  follows: 

In  the  method  commonly  used  to  obtain  the  desired  power-factor, 
a  coil  with  variable  reactance  is  connected  in  series  with  the  load 
or  translating  device,  as  shown  in  Fig.   160  and  Chapter  VI. 

The  power- factor  of  the  circuit  is  varied  by  adjusting  the  laminated- 
iron  core  in  the  coil  by  means  of  the  adjusting  wheel. 

A  serious  objection  to  this  method  is  that  the  power-factor  changes 
when  the  load  is  altered,  making  it  necessary  to  readjust  the  core  con- 
tinually in  order  to  obtain  the  same  power-factor  for  each  of  the  loads 
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The  power-factor  of  a  circuit  may  be  calculated  from  the  indications 
of  a  reliable  ammeter,  a  voltmeter  and  an  indicating  wattmeter. 

An  ammeter,  and  the  current  coils  of  an  indicating  wattmeter, 
are  connected  in  series  with  the  load  or  translating  4cvice,  and  the 
potential  coils  of  the  wattmeter  and  voltmeter  are  connected  across 
the  source  of  current. 

The  product  of  the  values  of  current  and  voltage  in  an  inductive 
circuit  gives  the  apparent  power  in  watts.    The  indicating  wattmeter 
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Pig.  i6z. — Diagram  of  Circuits  for  Use  in  Testing  at  Various  Power-factors  Obtained  with 

Motor  Generator  Set. 


shows  the  true  power  in  watts,  and  the  ratio  of  the  true  watts  to  the 
apparent  watts  is  the  power- factor  of  the  circuit,  i.  e. : 


Power-Factor  = 


True  Power 
Apparent  Power 


Some  laboratories  use  a  specially  designed  generator  set,  which 

consists  of  two  alternators  coupled  together  and  driven  by  the  same 

motor. 

As  shown  in  Fig.   i6i,  one  alternator,  G\  is  used   for  potential  pur- 

oses,  supplying  only  a  limited  amount  of  current  at  standard  voltage* 
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I  • 

One  of  the  alternators  is  so  arranged  that  its  stator,  which  may  be 
either  the  armature  or  field,  can  be  shifted  around  the  shaft  with 
respect  to  the  stator  of  the  other  alternator. 

When  both  stators  are  in  their  normal  positions,  the  currents  of 
the  two  alternators  will  be  in  phase  with  each  other. 

The  frequency  of  both  alternators  will  always  be  the  same,  as  the 
two  rotors  are  rigidly  coupled  together. 

The   stator  of  one  alternator  being  so  arranged  that  it  may  be 
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Fig.  162. — Diagram  of  Two-phase  Circuits  for  Use  in  Testing  at  Various  Power-factors 

Obtained  with  Special  Voltage  Transformers. 


shifted,  any  desired  phase  relation  can  be  obtained  between  the  cur- 
rents of  the  two  machines. 

Rheostats  in  circuit  with  the  fields  may  be  used  to  make  the  appa- 
ratus more  flexible. 

It  is  evident  that,  if  the  current  or  load  circuit  of  a  wattmeter 
is  connected  to  one  alternator,  and  its  potential  circuit  connected 
to  the  other  alternator,  any  desired  power- factor  may  be  obtained  by 
adjusting  the  movable  stator. 

A  scale  may  be  made  and  placed  in  such  a  manner  that  the  stator- 
shifting  device  will  indicate  the  angle  of  phase  relation  between  the 
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currents  of  the  two  alternators,  or  the  power-factor,  without  cither 
being  measured.  The  wattmeter  only  would  then  be  necessary — 
the  voltmeter  and  ammeter  being  used  only  for  initial  calibration  of 
the  power- factor  scale. 

For  testing  single-phase  watt-hour   meters  on   inductive   loads,    power- 


0 
Fig.  163 


A=»  A*     A'  A*  A 

-Vector  Diagram  of  Relation  of  Voltages  in  Circuits  Shown  in  Fig.  163. 


factors  adequate  to  meet  ordinary  requirements  may  be  obtained  from  the 
circuits  of  a  two-phase  system  in  the  following  manner: 

One  phase  is  used  for  the  current  circuit  of  the  meter  under  test,  and 
should  have  a  non-inductive  load ;  therefore  the  current  and  voltage  are  • 
in  phase  with  each  other. 

The  potential  applied  to  the  watt-hour  meter  is  taken  from  the  low-ten- 
sion winding  of  two  special  voltage  transformers,  the  high-tension  wind-  , 
ings  of   which   are  connected  to  different  phases   and  their  low-tension 
windings  connected  in  series. 

When    the    transformers    Pi    and    /V,    Fig.    162,    are    thus    connected. 
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a  voltage  may  be  obtained  from  their  low-tension  winding,  which  is 
a  resultant  voltage,  having  a  phase  displacement  with  respect  to 
the  voltage  of  the  current  circuit.  Therefore,  the  load  current  will 
lag  sufficiently  behind  the  voltage  applied  to  the  meter  to  produce 
the  same  condition  that  exists  on  a  single-phase  circuit  with  an 
inductive  load.  With  this  method  the  load  can  be  varied,  and  the  phase 
displacement  between  the  current  and  voltage  applied  to  the  watt-hour 
meter  wall  remain  the  same. 

If  it  is  desirable  to  obtain  several  different  power- factors,  using 
the  same  voltage  transformers,  it  is  evident  that  the  transformers  must 
have  suitable  taps  to  their  low-tension  windings,  in  order  to  give  the 
required  voltages,  so  that,  when  the  low-tension  windings  are  connected 
in  series,  a  resultant  voltage  may  be  obtained  that  will  have  a  value 
equal  to  the  rated  voltage  of  the  meter  under  test,  with  the  proper 
phase  displacement. 

The  action  of  the  transformer  may  be  shown  very  plainly  by  a 
graphical  construction  based  upon  the  parallelogram  of  forces. 

In  Fig.  163,  the  horizontal  line  OA  represents  the  full  voltage  of 
transformer  P.  This  voltage  is  in  phase  with  the  load  current. 
OB  represents  the  full  voltage  of  transfonner  P\  which  is  90  de- 
grees ahead  of  the  voltage  of  P,  and  equal  in  magnitude.  The  re- 
sultant voltage  obtained  from  the  two  transformers  connected  in 
series  is  represented  by  OC,  which  has  a  lead  of  the  angle  4>  ahead 
of  OA,  and  a  greater  length  than  desired.  Now,  if  the  values  of  OAi 
and  OB  J  had  been  selected  (by  means  of  suitable  taps  to  the  sec- 
ondary winding  of  the  transformers),  then  the  resultant  of  OAi  and 
OBt  would  be  OCi,  leading  by  the  much  greater  angle  0,  and  having 
the  proper  length. 

If  the  values  of  OA2  and  OB2  had  been  selected  instead,  the 
resultant  of  these  would  have  been  OC2,  leading  by  a  much  smaller 
angle  than  in  either  of  the  previous  cases.  By  halving  the  values 
OA  and  OB,  the  system  would  be  adapted  by  a  meter  built  for  half 
the  voltage  given  above.  The  resultants  are  shown  by  OC3,  and  so 
on.  Thus  by  selecting  the  proper  values  of  voltage  from  each  phase, 
a  resultant  voltage  may  be  obtained  which  will  have  any  desired 
magnitude  and  phase  relation. 

The  transformer  taps  may  be  brought  to  a  circular  switch,  the 
position  of  which  will  indicate  the  voltage  and  power-factor  under  which 
condition    the   voltmeter   and    ammeter   will    be   unnecessary. 

A  double-throw  switch,  to  give  non-inductive  load,  should  be  con- 
nected in  the  potential  circuit,  so  that  the  potential  to  the  meter  may 
be  connected  to  the  same  phase  as  the  current  circuit. 
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The  same  principles  may  be  applied  to  any  polyphase  system,  and  will 
be  found  very  useful,  especiallly  for  laboratory  and  shop  testing. 

Another  method  is  similar  to  the  transformer  method  except  that 
two  non-inductive  resistances  with  adjustable  contacts  are  connected 
across  two  phases,  as  shown  in  Fig.  164. 

The  resistances  Ri  and  R2  are  suitable  to  withstand  line  voltage 
and  have  a  current  capacity  of  i  or  2  amperes. 

The  adjustable  contacts  have  terminals  to  which  are  connected 
the  potential  leads  of  the  watt-hour  meter  under  test. 
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Pig.  164. — Diagram  of  Two-phase  Circuit  for  Use  in  Testing  at  Various  Power-factors 

Obtained(with^Two  Non-inductive  Reaistanoes* 

A  non-inductive  load  is  applied  to  the  current  circuit  of  the  watt- 
hour  meter  in  the  same  manner  as  in  the  transformer  method. 

It  is  evident  that,  with  this  arrangement,  a  drop  of  potential  with 
any  desired  phase  relation  with  respect  to  the  load  current  may  be 
obtained  by  changing  the  position  of  the  adjustable  contacts  on  the 
resistances. 

When  the  proper  contact  points  have  been  determined,  the  posi- 
tion of  the  adjustable  slides  may  be  so  marked  that  approximately 
the  same  power-factor  can  be  reproduced  without  the  voltmeter  and 
ammeter.  A  double  throw  potential  switch  should  be  provided  and 
connected  to  the  current  and  to  the   resultant  voltage  circuit,   so 
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that  the  voltage  supplied  to  the  meter  can  be  taken  from  either  cir- 
cuit as  desired.     The  voltage,  to  produce  the  inductive  load  condi-  * 
tion  or  the  normal  line  voltage,  may  then  be  conveniently  and  readily 
obtained  as  desired. 

The  apparatus  for  this  method  can  be  built  in  small  portable  form, 
which  is  adapted  for  testing  meters  in  service,  at  any  installation 
wheer  a  polyphase  circuit  is  available. 

When  testing  single-phase  watt-hour  meters,  where  a  three-phase 
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Pig.  165. — Diagram  o£  Three-phase  Circuit  for  Use  in  Testing  at  0.50  Power-factor. 

circuit  is  available,  the  effect  of  a  load  with  a  50  per  cent  power-factor 
is  readily  obtained  by  the  connections  shown  in  Fig.  165. 

First,  a  single  phase  circuit  is  taken  from  any  two  wires  and  a  regu- 
lar test  on  non-inductive  load  is  made.  The  current  circuit  passes  through 
the  watt-hour  meter,  wattmeter  and  load,  in  the  order  named.  When 
the  meter  is  adjusted  prope^'ly,  the  potential  lead  is  removed  from  the 
regular  point  to  which  it  is  connected  and,  with  the  corresponding  watt- 
meter lead,  is  connected  to  the  third  wire. 

On  account  of  the  120-degree  relation  between  the  phases  this 
gives  the  effect  on  the  meter  of  a  current  with  a  power- factor  of  50 
per  cent 
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.  To  ascertain  if  the  current  is  leading  or  lagging,  a  small  impedance 
coil  should  be  connected  in  series  in  the  indicating  instrument  potential 
circuit.  If  the  indication  of  the  instrument  increases,  the  current  is  lag- 
ging; if  it  decreases,  the  current  is  leading,  and  the  load  should  be  con- 
nected across  the  A  and  C  wires,  and  the  potential  leads  connected  to 
the  B  wire. 

The  voltmeter  and  ammeter  are  unnecessary  in  the  actual  test. 

The  Selection  of  Laboratory  Instruments. 

It  has  been  demonstrated  that  the  primary  standards  are,  by  their 
nature,  adapted  for  continuous  current  measurement  only;  and  that  the 
potentiometer  is  the  instrument  most  capable  of  measuring  electro- 
motive force,  current  and  resistance,  in  terms  of  these  standards. 

Potentiometer. 

■ 

In  the  potentiometer,  the  fall  of  potential  across  a  series  of  standardized 
resistances  is  balanced  against  the  electromotive  force  of  a  standard  cell ; 
the  balance  being  determined  by  means  of  a  galvanometer  connected  in 
series  with  4he  potential  being  measured.  Current  for  the  resistances  is 
provided  by  means  of  an  auxiliary  storage  battery,  and  is  controlled  by  a 
rheostat. 

In  the  measurement  of  potential  differences,  an  unknown  and  a 
standard  are  successively  balanced ;  and,  provided  only  that  the  current 
in  the  instrument  remains  the  same  for  the  two  operations,  the  un- 
known potential  difference  is  given  in  terms  of  the  standard  by  the  ratio 
of  the  potentiometer  settings. 

The  accuracy  of  measurement  depends  chiefly  upon  the  relative 
accuracy  of  the  potentiometer  resistances,  the  accuracy  of  the  cell  used 
as  standard,  and  the  sensitiveness  of  the  galvanometer  employed  to  in- 
dicate a  balance.  These  three  requirements  are  so  well  met  in  practice 
that  with  a  potentiometer  whose  calibration  is  carefully  and  frequently 
checked,  an  accuracy  of  o.oi  per  cent  is  easily  attainable. 

Besides  its  accuracy,  the  potentiometer  has  the  advantage  of  con- 
venience. The  resistances  are  divided  into  groups,  or  decades,  of 
equal  steps.  The  potential  drop  in  one  step  of  a  decade  equals  that  in 
ten  steps  of  the  next  lower  decade.  The  successive  readings  of  the  dials 
indicating  these  steps  thus  give  the  digits  of  the  setting.  A  slide  wire 
may  take  the  place  of  several  of  the  dials.  It  is  only  necessary  to  adjust 
the  current  to  such  a  value  that  the  standard  cell  is  balanced  across  a 
portion   of  the   resistance   indicating   its    electromotive    force,    when    the 


LABORATORY,    STANDARDS  AND   INSTRUMENTS 


209 


readings  of  the  instrument  will  give  the  potential  differences  subsequently 
measured,  without  calculation.  In  addition  to  the  direct  measurement  of 
voltage,  the  polenliomeler  furnishes  a  means  for  I  he  precise  measure- 
ment of  current  and  of  resistance  when  used  in  connection  wiih  resist- 
ance standards.  By  using  resistance  standards  of  decimal  values  the  ad- 
vantages of  direct  reading  are  relained  for  current  measurements,  only 
the  insertion  of  Ihe  decimal  point  having  to  be  considered.  For  flexibility, 
accuracy  and  convenience,  the  potentiometer  is  thus  ?een  to  be  an  admir- 
t  for  the  measurement  of  the  three  fundamental  electrical 


Pic.  i6«.— Polentiometer.  Slide  Wire  Typr.  L«ds  and  Northrup. 

quantities.  By  combining  measurements  of  two  of  these  quantities  we 
have  also  a  measure  of  power. 

The  numeroua  tjrpes  differ  in  ihe  method  of  dividing  the  potential 
drop  into  decimal  steps.  One  of  Ihe  simplest  forms  is  a  series  of  equal 
coils  with  a  slide  wire  having  decimal  subdivisions  and  a  resistance  equal 
to  one  coil.  A  switch  makes  contact  wiih  the  terminal  of  any  one  of  the 
series  coils,  and  there  is  also  means  for  making  contact  at  any  point  of 
ihc  wire.  Practical  considerations  of  consiruclion  limit  llie  values  of 
ihe  resistances  that  may  be  employed  when  the  scries  slide  wire  is  used, 
lo  20  to  100  ohms  per  volt  on  the  normal  range.  The  Crompton  and  the 
Leeds  &  Northrup  Type  K  potentiometers  are  of  this  form   (Fig.   166). 

When    high    resistances,    of    ihe    order    of    10,000   ohms    per    volt,    are 
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tings.  In  one  type  there  are  several  dials  of  equal  coils  in  series, 
whose  steps  are  mulliples  of  lo.  The  terminals  to  which  the  unknown 
potential  difference  is  applied  connect  lo  the  switches  of  the  two  end  dials. 
Changing  the  resistance  on  the  intermediate  dials  varies  the  drop  between 
these  terminals,  the  current  being  maintained  constant  by  simultaneously 
changing  the  resistance  in  the  battery  circuit  a  corresponding  amount. 
This  double  operation  is  effected  by  the  use  of  double  dials.  The  Otto 
Wolfl  potentiometer  is  of  this  type  (Figs.  167  and  168).  In  another 
type  the  steps  of  the  main  dial  are  subdivided  by  means  of  a  second  series 
of  coils,  which  can  be  moved  so  as  to  shunt  any  one,  or,  in  some  types. 


Pig.  167.— Polentiomeler.  Dial  Type.  New  Model.     Wotff. 

any  group  of  two  or  more  of  the  steps  of  the  main  dial.  Examples  of 
ihis  type  are  the  Siemens  &  Halske  and  the  Leeds  &  Northrup  Standard 
potentiometers.  A  recently  developed  type  combines  the  potentiometer 
with  the  deflection  principle  (Fig.  172).  The  greater  part  of  the  unknown 
potential  difference  is  balanced  in  the  ordinary  manner,  and  the  small 
unbalanced  remainder  is  indicated  on  a  deflection  instrument  This 
method  has  the  advantage  of  speed,  and  an  accuracy  of  0.02  per  cent  is 
attainable. 

The  types  of  potentiometer  differ,  also,  in  the  method  of  balaacing 
the  standard  celL  It  may  be  introduced  at  the  same  points  as  the 
luiknown  potential  differences,  or  special  connections  may  be  provided 

.    for   it.      The   latter  arrangement  if.  the  more  convenient,  as   it  i«   iiniuvrs. 
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sary  to  disturb  the  setting  of  the  instrument  This  is  of  importance,  for 
the  constancy  of  the  current  is  the  fundamental  assumption  of  the  po- 
tentiometer, and  should  be  frequently  checked.  Usually  a  single  pair  of 
tap-in  points  for  the  standard  cell  is  not  sufficient.  Preferably  the  re- 
sistance across  which  the  cell  is  balanced  should  be  variable,  inasmuch  as 
the  cells,  used  as  standard,  do  not  all  have  the  same  electromotive  force, 
and  further,  because  their  variation  with  temperature  may  have  to  be 
considered. 

The  range  of  the  ordinary  potentiometer  is   1.5  to   1.8  volts,  o.i 
volt  for  each  step  of  the  first  or  main  dial.    The  setting  is  usually  read- 


Pic.  168. — ^Diacram  of  Potentiometer  Connections.  The  Battery  at  B,  Galvanometer  at  G. 
Standard  Cell  at  N,  Unknown  Quantity  at  X.  The  Five  Dials  have  Steps  of  xooo . 
100.  zo,  I  and  .1  ohm  Respectively..  New  Model.    Wolff. 

able  directly  to  0.00001  volt.  For  measuring  very  small  potential  differ- 
ences the  range  of  some  potentiometers  may  be  reduced.  The  reduction 
is  usually  to  0.1  or  o.oi  of  the  normal  range,  and  is  accomplished  by  in- 
serting series  resistance  or  a  combination  of  shunt  and  series  resistance 
with  the  main  circuit.  The  percentage  precision  of  reading  is  thereby 
increased  inversely  as  the  reducton  factor,  unless  limited  by  galvanometer 
sensibility.  Special  potentiometers  for  the  measurement  of  low  potential 
differences  are  also  constructed,  which  are  designed  for  the  prevention 
of  errors  duc»  to  thermal  electromotive  forces  and  variable  contact  re- 
sistances in  the  potentiometer  circuit.  Such  an  instrument  should  be 
of  low  resistance  to  secure  the  highest  sensibility. 
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When  a  potentiometer  is  used  to  measure  higher  voltages  than  1.5 
volts,  a  "  multiplier,"  or  volt  box  is  ordinarily  used.  A  volt  box  is  a 
series  resistance  coils,  to  the  terminals  of  which  is  connected  the  unknown 
voltage  and  across  a  known  fraction  of  which  the  drop  is  measured.  The 
ratio  of  the  total  resistance  to  this  fraction  is  the  multiplying  factor  of  the 
box.    The  construction  is  generally  such  as  to  give  two  or  more  factors. 

Fig.  169  illustrates  the  connections  of  the  potentiometer  manufactured 
by  the  Leeds  &  Northrup  Company,  shown  in  Fig.  166. 


BA 
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Pio.  169. — Diagram  of  Potentiometer  Connections.  Tpye  K,  Leeds  &  Northrup. 

The  essential  part  of  the  instrument  consists  of  fifteen  5  ohm  coils, 
AD,  wound  on  metal  spools,  and  adjusted  to  a  high  degree  of  accu- 
racy. These  coils  are  connected  in  series,  and  have  in  series  with 
them  an  extended  wire  DB,  the  resistance  of  which  is  5.5  ohms.  A 
scale  in  connection  with  the  wire  DB  is  divided  into  1,100  equal  parts. 
A  contact,  M,  is  arranged  so  that  it  can  make  contact  at  any  point 
on  the  extended  wire  DB.  Current  from  the  battery  IV  flows 
through  these  resistances,  and,  by  means  of  the  regulating  rheostat 
Rj  it  is  adjusted  so  as  to  be  exactly  one-fiftieth  of  an  ampere.  Sine**, 
the  resistance  of  each  coil  is  five  ohms,  and  that  of  the  extended  wire 
5.5    ohms,    and    the    current    flowing    therein    is   one-fiftieth    of    an    am- 
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pere,  the  potential  drop  across  each  coil  is  o.i  of  a  volt,  and  that 
across  the  extended  wire  DB  is  o.ii  of  a  volt.  By  placing  the  con- 
tact point  M  at  zero,  and  moving  the  contact  M,  the  electromotive 
force  between  M  and  M'  may  be  varied  by  steps  of  o.i  of  a  volt  from 
o  to  1.5  volts.  By  moving  the  contact  M'  from  o  to  1,100,  the  elec- 
tromotive force  between  M  and  M'  may  be  varied  by  infinitely  small 
fractions  of  a  volt,  and  the  values  thereof  read  directly  on  the  scale. 
To  make  use  of  this  variable  electromotive  force  in  making  measure- 
ments, an  unknown  electromotive  force  is  introduced  in  series  with 
a  galvanometer  between  the  points  M  and  M\  and,  in  opposition  to 
the  fall  of  potential  along  AB.  The  contact  points  M  and  M'  are 
then  adjusted  until  the  galvanometer  shows  that  no  current  is  flow- 
ing, when  the  value  of  the  unknown  electromotive  force  can  be  read 
from  the  position  of  the  points  M  and  M\ 

In  the  diagram  the  connections  show  the  unknown  electromotive 
force  introduced  at  the  binding  posts  marked  e.  m.  f.,  and  the  gal- 
vanometer at  the  point  Ga.  In  series  with '  these  are  three  keys,  Ri, 
R2  and  Ro.  When  the  key  Ri  is  depressed,  it  closes  the  circuit 
through  a  high  resistance.  R2  closes  the  circuit  through  a  lower  re- 
sistance, and  Ro  through  no  resistance.  The  purpose  of  Ri  and  R2  is  to 
protect  the  galvanometer  against  excessive  deflections  when  the  opposing 
electromotive  forces  are  not  approximately  balanced. 

At  the  point  5,  on  the  series  of  resistances  AD,  a  wire  is  perma- 
nently attached  which  leads  to  one  point  of  the  double  throw  switch 
l\  Between  A  and  O  there  is  a  series  of  19  resistances  with  a  slid- 
ing contact  T.  The  resistance  between  .5  and  A  is  exactly  that  which 
corresponds  with  the  electromotive  force  of  one  volt,  and  that  be- 
tween A  and  1.0185  is  a  sufficient  addition  to  make  the  resistance, 
between  .5  and  this  point,  correspond  to  an  electromotive  force  of 
r.0185  volts.  Between  this  and  the  end  of  the  series  of  resistances 
there  are  19  coils^  which  increase  the  corresponding  electromotive 
force  by  steps  of  .0001  to  1.024  volts.  This  range  corresponds  with 
the  variation  in  the  range  of  the  Weston  cadmium  cell.  The  cir- 
cuits are  so  arranged  that  the  two  points  T  and  5  may  be  thrown  in 
series  with  the  galvanometer  and  the  keys  Ri,  R2  and  Ro.  In  this 
circuit  are  also  the  binding  posts  marked  "  standard  cell,"  to  which 
the  standard  cell  is  to  be  connected.  To  adjust  the  current  to  one- 
fifticlh  of  an  ampere,  the  double  throw  switch  V  .should  be  placed  in 
the  position  indicated  by  the  dotted  lines.  The  point  T  should  be 
set  to  correspond  with  the  electromotive  force  of  the  standard  cell, 
and  the  rheostat  R  regulated  until  the  galvanometer  shows  no  deflec- 
tion   when    the    keys    Ri,    R2    and    Ro    are    depressed.     The    unknown 
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electromotive  force  may  then  be  measured  by  throwing  the  double 
pole  switch,  U,  to  the  position  indicated  by  the  full  lines,  and  adjust- 
ing the  points  M  and  M'  until  the  galvanometer  shows  no  deflection 
when  the  keys  are  depressed.  After  a  balance  has  been  obtained,  the 
current  in  the  potentiometer  coils  may  be  checked  by  changing  the 
position  of  V  and  touching  the  contact  key  Ro.'  A  galvanometer 
balance  shows  that  no  change  has  occurred.  A  slight  deflection 
calls  for  a  slight  readjustment  of  R  and  fk  corresponding  readjust- 
ment of  M'. 
The  resistance  S  is  of  such  value  that  when  it  shunts  the  wire  OB, 


,0. 


tioDI  of  Volt  Box. 

the  total  resistance  between  OB  is  one-tenth  of  the  same  unshunted. 
When  the  shunt  is  applied,  the  fall  of  the  potential  between  any  two 
points  on  AB  will  be  exactly  one-tenth  of  its  previous  value.  The 
low  scale  is  applied  by  moving  the  plug  from  position  I  to  the  posi- 
tion O.I.  The  resistance  K  is  of  such  value  that  it  compensates  for 
the  reduction  in  resistance  caused  by  plugging  in  the  shunt  coU  S. 
With  this  change  the  potentiometer  reads  from  0.16  volts  down  by 
indicated  steps  of  0.000005  of  a  volt.  The  regulating  rheostat  R  is 
mounted  in  the  potentiometer  case. 

Fig.   170  illustrates  the  connections  of  the  usual  form  of  volt  box. 

A  B  i%9  high  resistance  of  which  C  S  is  one-tenth,  D  B  one -hundredth. 
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and  E  B  one-thousandth  of  the  total  resistance.  The  potentiometer  read- 
ing is  accordingly  multiplied  by  ten,  one  hundred,  or  one  thousand,  de- 
pending upon  whether  the  switch  M  is  set  on  C,  D,  or  E.  In  using  a 
volt  box  it  is  necessary  to  connect  the  unknown  EMF  at  the  posts  so 
marked  and  the  potentiometer  to  the  posts  marked  P.  .The  potentiom- 
eter reading  is  multiplied  by  a  factor  depending  upon  the  position  of  the 
switch  M,  which  factor  is  indicated  on  the  box.  In  making  these  con- 
nections, care  should  be  taken  not-  to  connect  the  potentiometer  to  the 
posts  marked  e.  m.  f. 

Any  resistance  of  known  value  may  be  used  in  connection  with  the 
potentiometer  for  the  measurment  of  voltages  in  excess  of  its  capacity; 
it  is  best,  however,  to  provide  a  volt  box  which  has  been  especially  de- 
signed for  this  purpose.  The  potentiometer  is  afforded  the  best  protec- 
tion against  damage  from  high  voltage  by  using  volt  boxes  in  which  there 
are  sufficient  coils  to,  reduce  the  dielectric  stress  per  coil  to  a  safe  value 
(Fig.   171). 

In  the  design  of  volt  boxes  the  need  of  specially  good  insulation 
must  be  regarded;  and  great  care  is  necessary  in  use  to  prevent  the  high 
voltage  under  measurement  from  leaking  to  the  potentiometer.  The  ter- 
minals of  the  volt  box  must  be  well  separated  and  well  insulated.  The 
resistance  should  be  divided  into  a  number  of  coils  in  series,  both  for 
insulation  and  for  dissipation  of  heat.  The  lower  the  resistance  used  the 
greater  will  be  the  heat  developed.  However,  a  high  resistance  reduces 
the  sensibility,  and  is  moreover  less  constant.  The  use  of  wooden  spools 
and  the  winding  of  more  than  one  layer  on  a  spool  are  alike  prejudicial 
to  heat  dissipation  and  to  constancy  of  resistance.  The  resistance  used 
should  be  between  100  and  300  ohms  per  volt. 

The  capacity  of  the  volt  box  depends  upon  the  maximum  potential 
to  be  measured.  When  voltmeters  having  double  or  triple  scales  are  to 
be  tested,  accurate  results  may  be  obtained  by  calibrating  the  low 
range  with  the  potentiometer,  and  determining  the  values  for  the  higher 
ranges  by  calculation  from  the  ratio  of  the  resistances  of  the  instrument 
circuits.  The  disadvantage  of  this  method  is  that  the  resistance  of  the 
instrument  being  tested  is  not  subjected  to  the  same  stress  in  testing  as 
in  service;  and  defective  insulation  may  cause  leakage  under  service 
conditions  which  would  tend  to  lower  the  resistance  of  the  instrument.  A 
test  on  the  lower  range  only  would  not  develop  this  fault,  therefore  it 
b  best  to  provide  a  volt  box,  the  capacity  of  which  is  suitable  for  the 
highest  range  of  the  voltmeters  tested  therewith. 

For  a  central  station  laboratory  it  is  best  to  provide  a  potentiom- 
eter of  low  internal  resistance. 

The  chief  advantage  of  the  low  resistance  is  in  sensibility,  which  in- 
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creases  as  the  resistance  is  reduced.  In  the  low  resistance  instrument, 
the  effect  of  poor  insulation  and  possible  leakage  between  parts  is  less 
important  than  in  the  case  of  high  resistance.  The  change  of  the  re- 
sistances with  time  and  their  variation  with  atmosphere  humidity  are 
also  less  in  the  case  of  low  resistance.  The  low  resistance  potentiometer 
has,  however,  the  disadvantage  of  using  a  larger  current,  which  is  some- 
what more  difficult  to  maintain  constant.  The  slide  wire  types  often  have 
additional  minor  difficulties,  which  can,  however,  be  overcome  by  proper 
construction.  For  the  determination  of  the  fall  of  potential  across  low 
resistances,  such  a  type  is  especially  advantageous,  as  it  permits  the  use 
of  shunts  which  will  carry  their  full  load  current  without  artificial 
cooling,  such  as  water  circulation,  oil  baths,  etc  Potentiometers  with 
the  regulating  rheostats  built  in  the  case  are  very  convenient,  not  only 
in  portable  work,  but  in  the  standardizing  laboratory  as  well,  since  such 
an  arrangement  permits  of  more  rapid  manipulation. 

The  t3i>e  selected  should  be  one  in  which  it  is  unnecessary  to  set 
the  dials  to  a  fixed  position  in  order  to  obtain  a  comparison  of  the 
working  and  standard  cells.  The  necessity  for  so  setting  the  dials  is  a 
source  of  inaccuracy  and  inconvenience,  especially  where  the  current 
from  the  working  cell  is  unsteady.  The  facilities  which  the  design  affords 
for  the  interchecking  of  the  various  coils  is  a  matter  worthy  of  con- 
sideration. It  is  desirable  that  the  contact  blocks  and  switches  be  pro- 
vided with  sufficient  clearance  to  permit  thorough  cleaning,  and  that 
the  insulation  of  these  parts  be  sufficient  to  minimize  the  effect  of  sur- 
face leakage. 

The  potentiometer  is  not  usually  considered  as  a  portable  instru- 
ment, though,  when  fitted  with  a  sensitive  low  resistance  galvanome- 
ter of  the  pivoted  movable  coil  type,  it  can  be  transported  from  place  to 
place  and  used  wherever  desirable.  In  the  laboratory  the  best  results  are 
obtained  when  the  potentiometer  and  its  accessories  are  set  up  in  a  fixed 
permanent  position  and  used  in  connection  with  a  reflecting  galvanom- 
eter. The  location  of  the  galvanometer  should  be  such  that  it  is  not 
subject  to  vibration;  the  best  arrangement  being  to  place  it  on  a  shelf 
attached  to  a  solid  wall.  It  is  best  to  install  permanent  leads  for  con- 
necting the  galvanometer,  auxiliary  battery,  and  standard  resistances. 
The  resistance  of  the  leads  connecting  the  galvanometer  and  standard 
resistances  with  the  potentiometer  do  not  affect  the  accuracy  of  any  meas- 
urement, since  the  potentiometer  principle  is  a  null  one,  and  when  a  bal- 
ance is  obtained,  no  current  is  flowing. 

Poor  insulation  of  the  auxiliary  and  working  batteries  is  a  frequent 
source  of  error  when  measuring  by  the  potentiometer  method,  on 
account  of  leakage  which  results  in  the  galvanometer  being  deflected  by 
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current  which  the  polentiometer  is  not  intended  to  measure.  The  best 
method  of  protecting  the  potentiometer  and  its  appliances  against  leakage 
is  to  provide  for  the  insulating  of  the  auxiliary  battery,  potentiometer, 
volt  box,  and  galvanometer,  by  means  of  hard  rubber  or  glass  blocks 
which  present  a  long  path  of  narrow  cross  section  for  surface  leakage, 
and  to  place  between  these  blocks  and  the  ground,  metallic  conductors  in 
the  form  of  tinfoil,  or  thin  copper  sheets.  These  should  all  be  connected 
together  by  means  of  a  small  wire  and  permanently  grounded.  The 
surface  of  the  potentiometer  should  be  frequently  cleaned  by  means  of 
soft  dry  clolh ;  the  latter  should  be  forced  down  between  the  contact 
blocks  so  as  to  remove  any  dust  which  may  have  accumulated. 


Pic.  173.— Stududidns  Set.  PorUbIc  Potentiometer  Typ«,~  Slemeni  &  HaJdie. 

The  type  of  instrument  designed  by  Dr.  Brooks  of  the  National 
Bureau  of  Standards,  affords  a  ready  meana  of  calibrating  voltmeters 
and  anunetera.  This  device  is  called  a  deflection  polcntiomeier,  and  is 
manufactured  by  The  Leeds  &  Northrup  Company   (Fig.   J72). 

In  operation,  the  major  portion  of  the  current  or  voltage  is  meas- 
ured by  the  null  principle— the  value  being  determined  by  the  position 
of  a  dial  switch  on  its  contact  blocks.  The  remaining  portion  of  the  re- 
sult is  read  on  the  calibrated  scale  of  a  pivoted,  movable  coil  galvano- 
meter resembling  an  ordinary  voltmeter.  The  accuracy  of  the  results  ob- 
tained can  be  checked  agajlist  the  standard  cell  which  is  made  a  portion 
of  the  equipment.  These  potentiometers  may  be  used  on  commercially 
steady  circuits,  as  the  changes  in  current  or  voltage  are  quickly  followed 
by  the  index  of  the  galvanometer  which  is  designed  to  be  just  aperiodic, 
^-'-king  up  a  new  position  without  oscillation.  For  testing  voltmeters,  these 
'uments  are  accurate  and  rapid.     For  current  measurements,  specially 
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consiructed  resistances  having  approximately  6  volis  drop  must  be  sup- 
plied— the  number  depending  upon  the  capacity  desired. 

Another    type    of    instrument    for    central    station    use    is    known    as 
the  Siemens  St  Halske  standardizing  set,  supplied  by  James  G.    Biddle 
of  Philadelphia  (Fig.  173).    This  instrument  is  called  a  standardizing  set  . 
from  the  fact  that  it  is  a  combined  ammeter  and  voltmeter,  which 
can  be  checked  directly  against  a  standard  cell,  located  within  the 
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same  case,  by  a  simple  manipulation  of  suitable  switches.  This  type 
of  instrument  is  well  adapted  for  checking  portable  indicating  in- 
■tmnientB  to  a  degree  of  accuracy  usually  sufficient  for  commercial 
purposes,  but  it  is  not  suitable  in  cases  where  highly  refined  results  are 
required.  For  current  measurements,  specially  constructed  : 
suitable  to  the  capacities  desired  must  be  supplied.  These  i 
the  deflection  potentiometer  and  standardizing  set — provide  for  the 
small  central  station,  a  simple  form  of  primary  standard  for  the  checking 
of  portable  instruments,  etc.,  and  for  larger  central  stations  a  portable 
indicating  instrument,  or  secondary  standard,  which  can  be  checked  in 
position  wherever  it  might  happen  to  be;  a  feature  which  is  valuable  in 
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case    it   is   desired    to   test    switchboard    meters    in   position    where    stray 
fields  of  constant  intensity  exist. 

The  standard  cell  should  be  of  the  unsaturated  Weston  type,  as  Ihis 
form  is  superior  to  any  other  Tjy  reason  of  its  high  accuracy,  constancy, 
and  neghgibie  temperature  coefhcient.  The  electrodes  of  this  cell  consist 
of  cadmium -amalgam,  covered  with  a  layer  of  cadmium-sulphate  crystals; 
and  pure  mercury  in  contact  with  a  paste  of  mercurous  sulphate,  cadmium- 
sulphate,  cadmium- sulphate  crystals,  and  metallic  mercury.  The  electro- 
lyte is  an  aqueous  solution  of  cadmium  sulphate  and  mercurous  sulphate. 


Flc.  175.— Galvanometer ,  DArsonval  Wall  Typs,  L«ds  &  .\orthn.p. 

The  electromotive  force  of  this  cell  is  about  1.018;  volts.  {See  Circular 
No.  29,  Bureau  of  Standards.)      (Fig,   174,) 

.\s  a  check  against  using  cells  which  have  been  damaged  by  improper 
use,  it  is  important  that  at  least  two,  and  preferably  three  cells  be  pro- 
vided :  in  the  latter  case,  two  should  he  set  aside  for  reference  standards, 
and  the  third  used  as  a  working  cell.  If  two  cells  fail  to  agree  with 
the  third,  the  latter  should  be  sent  to  a  standardizing  laboratory  for  test. 

A  galvanometer  is  an  instrument  used  for  detecting  and  measuring 
the  magnitude  and  direction  of  small  electric  currents.  In  the  D'Arson- 
val  type  the  movable  element  is  in  the  form  of  a  coil,  arranged  to  swing 
freely  in  llie  field  of  a  permanent  magnet  (Fig.  175,  see  Chapter  11),     The 
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coil  may  be  supported  in  the  magnet  field  by  means  of  a  single  ribbon  or  a 
bi-filar  suspension,  or  may  be  retained  in  place  by  jewel  and  pivot  bear- 
ings. If  suspended,  a  small  mirror  is  attached  to  the  movable  element  and 
the  deflection  is  observed  by  means  of  a  telescope  and  scale,  or,  by  the  use 
of  a  mirror  in  connection  with  a  lamp  and  scale.  The  pivoted  form  of  gal- 
vanometer is  usually  provided  with  an  indicating  pointer,  which  moves 
over  a  graduated  scale. 

In  the  pivoted  form  the  current  is  lead  into,  and  conducted  from,  the 
movable  coil  by  means  of  fine  springs,  which  also  serve  as  the  retarding 
force;  while,  in  the  suspended  form,  the  suspension  forms  one  conductor, 
the  other  being  a  small  strip  or  spring  attached  to  the  bottom  of  the 
coil.  In  the  latter  type,  the  spring,  assisted  by  the  reactance  of  the  sus- 
pension to  torsional  influence,  is  the  retarding  force. 

The  type  of  galvanometer  selected  should  be  given  careful  con- 
sideration, as  the  best  results  are  obtained  only  when  the  sensibility  and 
resistance  of  the  galvanometer  is  suited  to  the  resistance  of  the  potentiom- 
eter. Low  resistance  galvanometers  should  be  used  with  low  resistance 
potentiometers.  The  best  form  is  the  D'Arsonval  wall  type,  fitted  with  a 
lamp  and  scale,  though  the  portable,  pivoted  movable  coil  type  may  be 
used  to  advantage  under  some  conditions. 

The  lamp  and  scale  device  can  be  arranged  to  take  up  but  little 
room,  and  is  superior  to  the  telescope  and  scale  method  for  various  rea- 
sons, among  which  may  be  cited  the  following:  A  very  slight  deflection 
may  be  magnified  by  increasing  the  distance  of  the  scale  from  the  mirror ; 
it  is  less  tiresome  on  the  eyes  of  the  operator  and  quicker  to  operate,  since 
the  deflection  can  be  seen  from  any  position ;  it  enables  two  persons  to 
simultaneously  ascertain  when  a  balance  has  been  obtained;  the  latter 
consideration  is  of  some  importance  when  operators  are  being  trained, 
or  when  it  is  desirable  for  an  observer  to  check  the  results  obtained  by 
the  operator. 

The  auxiliary  battery  used  in  connection  with  a  potentiometer 
is  of  great  importance,  since,  for  accurate  measurement,  the  current  must 
remain  constant.  It  will  be  found  advantageous  to  provide  a  cell,  the 
capacity  of  which  is  in  excess  of  that  actually  required,  as  the  current 
under  such  conditions  is  rendered  more  stable  than  when  a  smaller  cell 
is  used.  A  storage  battery  of  2  to  20  ampere  hours  capacity  is  sufficient, 
provided  the  accumulator  has  a  very  small  self -discharge.  To  keep  the 
.•^If -discharge  to  a  minimum,  pure  acid  should  be  used,  and  the  employ- 
ment of  horizontal  separators  avoided,  as  they  tend  to  increase  the  accum- 
ulation of  sediment.  A  cell  in  which  the  elements  are  bridged  by  sedi- 
ment from  the  plates  will  deteriorate  rapidly.  The  specific  gravity  of  the 
electrolyte  should  be  1,200,  in  orJer  that  the  electromotive  force  may  be 
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maintained  between  3  and  3%  volts.  It  is  advantageous  to  keep  the 
cell  at  a  temperature  as  constant  as  possible,  since  i"  of  temperature  rise 
s  the  potential  of  a  battery,  having  a  specific  gravity  of  1,200  by 


.003  volts.     The  cells  should  be  kept  permanenlty  in  circuit  in  order  that 
the    polarization    which    increases    for    some    lime    after    the    cell    is    put 

in  service  may  reach  a  state  of  stability. 
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For  the  measurement  of  current  by  means  of  the  potentiometer, 
resistance  standards  are  required.  As  usually  constructed,  standard 
resistances  are  made  by  brazing  thin  sheets  of  manganin  resistance  to 
suitable  terminals.  Some  types  are  immersed  in  oil  and  cooled  by  water 
circulation,  while  others  are  of  such  size  as  to  carry  their  full  rated  cur- 
rent without  artificial  cooling  (Fig,  176). 

Manganin  is  an  alloy  composed  of  84%  copper,  12%  manganese,  and 
4%  nickel.  It  is  best  adapted  for  standard  resistances,  by  reason  of  its 
low  temperature  coefficient,  low  thermal  voltage  to  copper,  and  perma- 
nency of  resistance  when  properly  aged.  Fig.  177  shows  a  type  of  air 
cooled   standard,  and  illustrates  (he  scheme  employed  by  some  manufaci- 
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urers  for  adjusting  the  resistance  thereof,  which  has  many  advantages 
over  the  usual  method  of  cutting  or  drilling. 

5"  is  a  manganin  strip,  /  l'  copper  terminals  for  connecting  the  current 
leads,  and  fi  p'  are  lips  out  from  the  strip  S,  and  to  which  the  potential 
leads  P  are  brazed.  The  potentiometer  is  connected  to  the  potential 
posts  P. 

The  resistance  between  A  and  B  is  adjusted  to  be  an  even  fraction  of 
an  ohm.  This  resistance  is  so  chosen  that,  in  order  to  determine  the 
current  passing  through  the  shunt  after  having  obtained  a  balance  of  the 
galvanometer,  it  is  only  necessary  to  multiply  the  potentiometer  reading 
by  a  simple  factor.  Thus,  if  a  .01  ohm  resistance  is  used,  the  potentiom- 
eter reading  multiplied  by  ipo  gives  the  current  in  amperes.    If  the  re- 
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sistance  between  p  and  p'  is  for  instance  .01005  ohms,  cutting  5"  in 
the  direction  of  the  dotted  lines  A  C  will  tend  to  reduce  the  resistance. 
If  the  the  slots  are  made  too  long,  the  resistance  between  p  and  />'  w^ill 
be  less  than  .01  ohms.  It  can  be  raised,  however,  by  cutting  S  along  the 
dotted  lines  B  D  until  the  desired  value  is  obtained. 

Air  cooled  standards,  from  the  standpoint  of  convenience  are  preferable 
to  the  oil  or  water  cooled  type,  although  the  latter  are  usually  constructed 
to  give  a  higher  voltage  drop.  It  may  be  urged  that  the  advantage  of  the 
higher  voltage  outweighs  the  disadvantage  of  providing  for  oil  and 
water  cooled  device,  but,  with  a  low  resistance  potentiometer,  and  a 
sufficiently  sensitive  galvanometer,  the  air  cooled  resistances  leave  noth- 
ing to  be  desired  in  the  way  of  accuracy,  as  this  type  can  be  constructed 
with  sufficient  voltage  drop  to  obtain  high  accuracy  for  even  the  largest 
capacities. 

The  capacity  of  the  standard  resistances  selected  will  depend  upon 
the  value  of  the  current  to  be  measured.  In  general,  standard  resist- 
ances may  be  used  in  connection  with  a  potentiometer  for  current  meas- 
urements as  low  as  5%  of  their  rated  capacity,  if  the  potentiometer  is  one 
of  the  shunted  type,  provided  with,  a  low  scale.  If  it  is  not  one  of  this 
type,  the  employment  of  standard  resistances  at  less  than  10%  of  their 
capacity  is  not  very  satisfactory. 

It  is  best  to  provide  at  least  two  resistances  for  each  of  the  capacities 
desired.  One  set  can  be  retained  as  reference  standards,  and  the  other 
used  as  working  standards.  In  many  cases  one  set  of  standards  may 
be  sufficient,  but,  when  duplicate  resistances  are  not  provided,  the  ac- 
curacy of  any  shunt  can  only  be  determined  by  comparison  with  those  im- 
mediately above  or  below  it  in  size ;  in  the  event  of  one  or  more  standards 
developing  errors,  due  to  accidental  overload  or  mechanical  injury,  the 
absence  of  a  duplicate  renders  the  accurate  checking  of  those  of  greater 
capacity  than  the  damaged  ones  a  difficult  matter.  This  objection  does 
not  apply  to  cases  where  the  resistances  are  submitted  at  frequent  in- 
tervals to  a  standardizing  laboratory  for  test. 

Resistances  used  in  connection  with  millivoltmeters  for  the  measure- 
ment of  current  are  usually  termed  shunts.  Separate  shunts  may  be 
obtained  for  any  current  capacity,  but  more  often  several  shunts  are 
inclosed  in  one  case.  The  use  of  such  a  combination  of  shunts  is  a  con- 
venience, as  the  employment  of  the  common  terminal  for  one  side  of  all 
shunts  renders  changing  from  one  capacity  to  another  a  simple  matter. 
The  usual  arrangement  of  a  combination  shunt  is  shown  in  Fig.   178. 

A,  B  and  C  are  potential  taps,  usually  of  manganin  wire,  brazed  to 
the  resistance  strips  at  points  which  will  give  approximately  the  same 
potential  drop  with  full  load  current  in  their  respective  shunts. 
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When  a  shunt  of  this  type  is  used  in  connection  with  a  particular 
mill i voltmeter,  the  scale  of  the  latter  is  usually  marked  with  a  numbef 
of  divisions,  which  is  an  even  multiple  of  all  the  shunts  used.  In  the 
case  of  the   shunt  illustrated  the   instrument   scale  would   have   150  divi- 

A   simple  method  of  adjustment   is   to   vary   the   resistance  of   the   po- 


tential Caps  A,  B  and  C  until  the  indicator  of  the  millivolinieter  indicates 
150  divisions  when  full  load  current  is  passed  through  each  shunt. 

Portable  and  semi-portable,  or  laboratory,  types  of  indicating  elec- 
trical iiutrumeiitB  may  be  divided  into  three  classes.  The  first  being 
capable  of  use  on  continuous  current  only :  the  second  on  both  con- 
tinuous and  alternating  current,  and  ihc  third  on  alternating  current  only. 

The   permanent   magnet  movable   coil  type   of   instrument    is  the 
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standard  form  for  the  commercial  measurement  of  continuous  voltage  and 
current. 

The  principle  of  operation  is  similar  to  that  of  the  D'Arsonval 
galvanometer,  a  pivoted  movable  coil  being  arranged  to  swing  through 
the  field  produced  by  a  fixed  permanent  magnet   (Figs,   lyq  and  180). 

The  motion  of  the  coil  is  opposed  by  flat  spiral  springs,  which  also 
serve  as  conductors,  connecting  the  coil  to  the  circuit  These  springs  arc 
so  arranged  that,  when  the  movable  coil  is  deflected,  they  are  twisted  in 
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opposite  directions,  one  being  wound  and  the  other  unwound.  The  eSect 
is  such  as  to  neutralize  the  effect  of  variation  of  the  springs  from  the 
law  of  proportional  deflection. 

Fig.  181  shows  a  standard  form  of  construction  of  the  movable  element 
of  this  type  of  meter,  and  illustrates  the  usual  arrangement  of  the  springs 
and  the  rectangular  aluminum  frame  over  which  the  coil  is  wound. 

Pole  pieces  of  soft  iron  are  usually  attached  to  the  permanent  magnet ; 
these  pole  pieces  being  such  shape  as  to  render  the  field  in  which  the    1 
movable  coil   turns  one  of  uniform  intensity. 

The  deflecting  torque  is  proportional  to  the  product  of  the  strength  of   ' 
the  magnetic  field  and  the  current  in  the  movable  coil ;  and  the  counter  i 
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torque  of  the  springs  is  approximately  proportional  to  the  angle  that  the 
movable  coil  is  deflected  from  its  initial  position;  therefore,  the  deflection 
of  the  movable  element  is  approximately  proportional  to  the  strength  of 
the  current,  and  the  scale  divisions  are  uniform. 

For  the  purpose  of  rendering  this  type  of  instrument  "  dead  beat "  or 
aperiodic,  the  movable  coil  is  wound  upon  a  light  rectangular  aluminum 
frame  in  which  eddy  currents  are  generated  when  it  moves  in  the  field, 
produced  by  the  permanent  magnet.  These  currents  are  of  such  magni- 
tude as  to  influence  the  movable  element  to  come  to  rest  almost  instantly 
and  without  friction.     , 

Since  the  instrument  gives  a  deflection  proportional  to  the  strength  of 
the  current  flowing  in  it,  this  type  is  always  in  reality  an  ammeter, 
whether  used  as  such  or  as  a  voltmeter. 

In  a  voltmeter  the  coil  on  the  movable  element  consists  of  many 
turns  of  fine  wire,  in  series  with  which  is  a  resistance;  the  value  of  the 
resistance  is  such  that,  when  the  maximum  required  voltage  is  applied, 
it  limits  the  current  through  the  movable  coil  to  that  necessary  to  produce 
full  scale  deflection.    The  scale  may  then  be  marked  directly  in  volts. 

In  an  ammeter^  when  a  small  current  is  to  be  measured,  the  total 
current  may  be  passed  through  the  coils  on  the  movable  element,  but 
when  the  current  exceeds  that  required  to  produce  full  scale  deflection, 
a  portion  must  be  diverted  through  a  circuit  connected  in  parallel  with 
the  circuit  of  the  movable  element.  By  this  method  a  current  of  any 
desired  magnitude  may  be  measured  by  passing  it  through  a  suitable  re- 
sistance known  as  a  shunt  The  employment  of  a  shunt  eliminates  the 
necessity  of  providing  instruments  with  movable  elements  of  sufficient 
size  and  weight  as  to  carry  unduly  large  current. 

Two  small  leads  run  from  the  shunt  to  the  instrument.  These 
leads  must  be  considered  as  a  part  thereof,  as  any  alteration  in  their 
length,  cross  section,  or  material  will  change  their  resistance,  and  will 
affect  the  calibration  of  the  instrument. 

In  order  that  the  shunts  be  made  as  small  as  possible,  the  torque  of  in- 
struments used  in  connection  therewith  is  lower  than  that  of  ordinary 
voltmeters,  and  the  springs  are  somewhat  weaker.  The  reduction  in 
torque  is  affected  by  winding  the  movable  coils  of  meters  used  for  meas- 
uring current  with  a  less  number  of  turns,  as.  is  the  case  with  voltmeters, 
and  using  somewhat  larger  wire. 

A  movable  coil  instrument,  designed  for  the  measurement  of  cur- 
rent in  connection  with  a  shunt,  is  termed  a  mill! voltmeter;  the  com- 
bination of  instrument  and  shunt  is  used  as  an  ammeter. 

The  value  of  current  which  may  be  passed  through  the  movable  ele- 
ment without  the  use  of  k  shunt  may  be  determined  by  Ohm's  law 
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_E 
I  — p-f  where  E  is  the  potential  required  to  give  full  scale  deflection,  and 

R  the  resistance  of  the  instrument.  Where  a  mill i voltmeter  is  used,  E 
is  equivalent  to  the  full  load  drop  of  the  shunts  used  in  connection  there- 
with. 

It  is  customary  to  mark  the  scale  of  such  an  instrument  in  am- 
peres when  it  is  to  be  used  in  connection  with  certain  shunts  espe- 
cially calibrated  for  it.  Sometimes,  however,  the  scale  is  marked 
in  millivolts,  and  in  this  case  the  instrument  can  be  used  in  connec- 
tion with  any  desired  shunt,  if  the  resistance  of  the  instrument,  leads, 
and  shunt  are  known.  When  so  used,  the  combined  resistance  may 
be  determined  by  the  formula: 

r  r' 

Combined  resistance  R= — ; — 7 

r  -+-  r 

where  r  =  resistance  of  millivoltmeter  and  leads,  and  r'  =  resistance  of 

shunt.     The  current  flowing  through  the  combined  resistance  can  then  be 

E 
determined  by  Ohm's  laws,  1=^'   where  A*  is  the  combined   resistance 

above  determined,  and  E  is  the  volts  observed  on  the  millivoltmeter. 

Another  method  of  using  a  millivoltmeter  in  connection  with  shunts 
consists  of  dividing  the  scale  into  some  number  of  divisions,  which  is  a 
multiple  of  the  capacity  of  all  the  shunts  of  uniform  voltage  used  in 
connection  therewith,  proper  multipliers  being  used  for  each  shunt.  The 
error  in  the  latter  method  caused  by  not  taking  into  consideration  the 
decrease  in  the  combined  resistance  R  by  the  addition  of  the  millivolt- 
meter circuit  is  negligible  except  when  used  with  small  capacity  shunts, 
and  can  be  checked  by  the  above  formula,  or  can  be  determined  by 
comparison  with  standards. 

Continuous  current  instruments  of  permanent  magnet  type  are 
available  from  a  number  of  manufacturers.  The  general  features  to 
be  considered  in  selecting  such  an  instrument  are  ruggedness  of 
construction,  permanency  of  calibration,  legibility .  of  scale,  dampening, 
weight  and  the  facilities  which  the  design  affords  for  repair  and  adjust- 
ment. Voltmeters  should  be  chosen  with  fairly  high  resistances,  although 
extremely  high  resistances  are  not  especially  desirable  in  ordinary  com- 
mercial testing,  as  the  decrease  in  the  energy  consumed  by  the  instru- 
ment is  effected  at  the  cost  of  reduction  in  torque. 

The   most   suitable    resistance   values   are    100   to    150   ohms   per   volt. 

Laboratory  instruments  for  current  measurement  used  in  connection  with 

hunts    should    require    at    least    100    millivolts    to    produce     full     scale 
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deflection,   as   instruments   operating    with   less   than    this    value   are    not 
usually  satisfactory  with  respect  to  temperature  compensation. 

For  secondary  standards  for  continuous  current  the  type  commonly 
known  as  the  "laboratory  standard"  gives  very  satisfactory  results  (Fig. 
182).  Instruments  of  this  class,  when  used  in  current  measurements. 
should  be  provided  with  a  large  number  of  shunts,  in  order  that  the  neces- 
sity of  working  at  less  than  one-fiflh  of  the  scale  be  obviated.  These 
,   when  permanently   set   up  and  checked   in  position,   may  be 
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depended  upon  to  maintain  an  accuracy  of  one -tenth  of  one  per  cent  of 
full  scale  deflection   (Fig.  183). 

Secondary  standards  for  alternating  current  measurements  must 
be  capable  of  measuring  both  continuous  and  alternating  currents, 
ai  they  are  to  be  used  for  transfer  instruments;  that  is,  they  are 
standardized  with  the  primary  standards  on  continuous  current,  and  used 
to  check  portable  alternating  current  instruments.  This  considera- 
tion limits  the  choice  of  alternating  current  secondary  standards  to  a 
few  types,  the  most  satisfactory  of  which  are  the  zero  reading  elec 
trodynamoineter   instniments    con.sirucied    upon    the    Kelvin    balanc 
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principle;  though  electro-dynamometer  instruments  of  the  scale  and 
indicator  type  are  capable  of  giving  excellent  satisfaction. 

The  action  of  the  electro-dynamometer  depends  upon  the  force  exerted 
by  two  circuits  when  traversed  by  current,  or  by  a  portion  of  a  circuit 
upon  another  portion  of  the  same  circuit.  Such  instruments  contain  one 
or  more  fixed  coils  which  set  up  a  magnetic  field  proportional  to  the  cur- 
rent flowing,  and  a  movable  element  of  one  or  more  coils  placed  within 
this  field,  through  which  the  current  is  also  passed. 

An  instrument  in  which  the  movable  and  fixed  coils  are  connected  in 
series  constitutes  an  ammeter,  which,  when  properly  designed,  may  be 
used  to  measure  continuous  current  or  alternating  current  of  any  frequency 
or  wave  form.  Thus  it  may  be  calibrated  with  the  primary  standards  on 
continuous  current  and  used  as  a  secondary  standard  of  precision  for  alter- 
nating current. 


Fig.  183. — Type  of  Scale  Used  in  Secondary  Standard  Instrument  Showing  Method  of  Sub- 
dividing and  Mirror.     Weston. 


The  Kelvin  ampere  balance  and  Siemens  dynamometer  are  typical 

of  two  methods  of  arrangement  for  the  fixed  and  movable  coils  (Figs. 
75  and  76,  Chapter  III,  and  Fig.  184).  The  Kelvin  balance  contains  six 
coils,  four  of  which  are  fixed  and  two  are  movable.  The  movable  coils 
are  attached  to  the  extremities  of  a  horizontal  beam,  which  is  suspended 
by  ligaments,  so  that  each  coil  is  midway  and  parallel  between  two  fixed 
coils.  The  coils  are  astatically  arranged,  thus  rendering  the  indications 
free  from  the  influence  of  stray  magnetic  fields,  having  equal  effect  on  the 
two  coils. 

When  the  movable  and  fixed  coils  are  connected  in  series,  connection 
to  the  movable  coil  is  made  through  mercury  cups,  as  in  the  Siemens 
dynamometer  or  by  means  of  suspending  ligaments,  as  in  the  Kelvin  bal- 
ance, or  by  flexible  conductors  or  springs,  as  in  other  types  of  instruments. 
The  Siemens  dynamometer  and  Kelvin  ampere  balance  are  practically 
obsolete  for  central  station  service  due  to  the  fact  that  they  are  slow  and 
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inconvenient  to  use,  and  require  exceptionally  steady  current.  The  dyna- 
mometer, when  used  on  continuous  current,  is  affected  by  stray  fields. 


Fte.  i>4- — Amngnnaat  of  CoQa  of  Slemena  DyiuunmMsr. 

while  the  Kelvin  balance  changes  with  temperature,  and  has  s 
error  which  increases  with  the  capacity  of  the  instrument. 
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In  the  Kelvin  balance  the  retarding  force  is  gravity;  in  other  types  of 
electro-dynamometers  springs  are  used. 

In  the  Siemens  dynamometer  the  control  spring  is  attached  to  the  mov- 
able coil,  and  to  a  movable  torsion  head,  which  is  fitted  with  a  pointer 
of  some  form.  An  indicator  attached  to  the  movable  coil  indicates  its 
position  when  no  current  is  flowing.  Under  the  influence  of  current  the 
movable  coil  tends  to  place  itself  a1  right  angles  to  its  initial  or  zero 
position,  and  is  brought  back  to  zero  by  shifting  the  torsion  head.  The 
pointer  on  the  latter  shows  the  angle  through  which  the  torsion  head  is 
turned.  This  angle  is  equal  to  the  product  of  the  square  of  the  current, 
and  a  constant — the  value  of  which  is  determined  by  calibration. 


FtC.  ti6. — ElcmenU  of  Ammeter,  Kcl  in  Balnnce  Type,  Westioghoiue. 

In  the  scale  and  indicator  type,  under  the  influence  of  current  the  mov- 
able coil  takes  up  a  position  where  the  torque  produced  by  the  effect  of 
current  in  the  fixed  and  movable  coils  is  just  balanced  by  the  counter 
tort]ue  of  the  control  springs.  The  scale  is  marked  with  the  value  of 
current  or  voltage  required  lo  produce  this  deflection.  When  no  current 
is  flowing,  the  control  springs  return  the  movable  coil  lo  its  initial  posi- 
tion, and  the  indicator  indicates  zero  on  the  scale. 

Fig.  185  illustrates  a  standard  form  of  current  dynamometer  and  rela- 
tive position  of  the  fixed  and  movable  coils. 

The  arrangement  of  the  elements  in  the  Westinghouse  precision 
ammeter  is  shown  in  Figs.  186  and  187.  This  type  of  instrument  is  con- 
structed on  the  Kelvin  balance  principle. 

The   elements   of  the   electrodynamometer   voltmeter   as  typified  by 
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iastruments  manufactured  by  the  Weston  and  Keystor 
panies  are  shown  in  Figs.  i88  and  189.  It  will  be  noted  that  in  the 
Siemens  dynamometer  the  movable  coil  is  outside  the  fixed  coil,  while 
in  the  voltmeters  illustrated,  the  fixed  coils  enclose  the  movable  coil. 

The  torque  of  instruments  in  which  the  fixed  and  movable  coils  are  in 
series,  is  proportional  to  the  square  of  the  current,  and  since  the  retarding 
force  is  approximately  proportional  to  the  angular  deflection  of  the  mov- 


Pio.  I B; . — Annotated  View  of  Ammeter.  Kelvin  Baluice  Type.  WeitinghDiue. 

able  coil  from  its  initial  position,  it  follows  that  the  scales  of  such  instru- 
ments are  not  uniform.  Another  cause  for  non- uniformity  of  scale  in- 
herent to  electrodynamometer  instruments  of  the  scale  and  indicator  type 
is  ihe  fact  that  the  movable  element,  in  turning,  is  deflected  through  a 
magnetic  field  of  variable  intensity.  Such  instruments  have  scales  which 
are  usually  open  in  the  center,  and  contracted  at  the  high  and  low  points. 
The  Kelvin  balance  type  of  instrument  is  not  influenced  from  this 
.  are  determined  by  the  angular   deflection 
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lodlator;  G,  Honbla  CoO. 
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of  the  springs ;  ihe  movable  coil  being  in  the  same  position  with  respect 
to  the  fixed  coils  for  all  measurements. 

Special  devices  are  adopted  by  various  instrument  makers  to  obtain 
an  approximately  uaiform.  scale.  The  Keystone  Instrument  Company, 
for  instance,  for  ihetr  voltmeter,  use  a  combination  of  springs  to  obtain 
the  desired  effect.  This  combination  consists  of  two  springs  so  related 
to  one  another  that,  when  the  indicator  is  at  zero,  it  is  held  in  a  dynamic 
rather  than  in  a  static  state  of  rest.  One  spring  uniformly  opposes  the 
t  of  the  movable  coil,  while  the  other  spring  assists  the  movable 


—Movable  Element  Showing  Sptingi  and  Damper  nf  Voltmeter,  Eleeirodyna 


element  through  the  first  half  of  the  scale,  then  acts  with  the  spiral  spring 
and  helps  oppose  its  movement  through  the  second  half  of  the  scale. 
Thus  the  control  is  weak  when  the  deflecting  forces  are  weak,  and 
automatically  increases  in  strength  when  the  deflecting  forces  increase 
in  strength   (Fig.   igo). 

In  the  Siemens  &  Halske  instruments,  the  coils  are  so  shaped  as  to 
obtain  increased  torque  at  the  high  and  low  parts  of  the  scale,  and  thus 
make  the  scale  divisions  more  nearly  equal  (Fig.  191). 

The  elect rodynamomeier  voltmeter  has  fixed  and  movable  coils  of  fine 
wire,  .connected  in  scries  with  each  other,  and  with  a  non-inductive  re- 
sistance of  low  temperature  coeflicienl.  This  resistance  is  of  high  value 
in  order  to  reduce  the  ratio  of  inductance  to  resistance  to  a  mini- 
mum, and  thus  render  the  instrument  free  from  errors 
ordinary  commercial  frequency. 
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In  clectrodjrnamomctcr  wattmeters  for  the  measurement  of  alter- 
nating current  power,  the  stationary  element  consists  of  comparatively 
few  turns  of  heavy  wire,  and  is  connected  in  series  with  the  load  to  be 
measured  (Fig.  192). 

The  movable  element  consists  of  a  large  number  of  turns,  and  is 
.similar  to  that  of  a  voltmeter.  It  is  connected  across  the  line  in  . 
series  with  a  non-inductive  resistance  of  low  temperature  coefficient. 
This  resistance  may  be  enclosed  in  the  instrument  case,  or  may  be 
external  in  Ihe  form  of  a  multiplier. 


Pig.  191,— Voltmeter.  Electrodyaunometer  Type.  Siemeni  *  HaJske. 

The  supporting  frame  of  well  designed  instruments  is  either  made 
of  wood  or  some  high  resistance  metal,  free  from  magnetic  properties, 
thus  eliminating  the  errors  due  to  eddy  currents. 

The  voltage  circuit  of  an  indicating  wattmeter  of  the  electromagnetic 
type  contains  in  addition  to  the  movable  coil  of  the  instrument  which  is 
inductively  wound,  a  so-called  non-inductive  resistance.  The  latter  is 
very  high  in  comparison  to  the  inductance  of  the  movable  coil,  so  that 
(he  total  impedance  of  the  movable  coll  circuit  is  practically  equal  to  the 
non-inductive  resistance.  When  the  inductance  of  the  voltage  circuit  as  a 
whole  is  negligible,  the  Instrument  indicates  correctly  at  all  values  of 
-power- factor.  If  the  non-inductive  resistance  is  not  high  enough,  the  in- 
ductance of  the  movable  coll  may  introduce  a  perceptible  lag  in  the  cur- 
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rent  in  the  voltage  circuit.  Some  types  of  non-inductive  winding  intro- 
duce a  measurable  capacity  into  the  circuit,  and  this  may  cause  a  leading 
current  in  the  voltage  circuit.    In  either  case  a  resultant  error  is  intro- 


PiG.  191,— Portable  Wnttnwler,  D'Araonval  Type,  KEyitone. 

duced  which  increases  very  rapidly  as  the  power-factor  is  lowered,  and  is 
expressed  by  the  following  formula: 

Percentage  error  ^  tan    ^  tan  a  X  100, 

where^=: angle  of  lag  in  receiving  circuit, 
a  ^  angle  of  lag  in  voltage  circuit. 

Angles  of  lead  are  considered  to  be  negative. 

In  the  Kelvin  balance  type  of  electrodynamometer  wattmeter,  as  typified 
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by  the  Westinghouse  precision  instrument,  the  torque  is  pr6portional  to 
the  product  of  the  current  in  the  fixed  and  movable  coils. 

As  the  position  of  the  movable  element  for  any  indication  is  the  same 
— in  a  highly  concentrated  field  of  uniform  intensity  the  scale  divisions 
are  uniform  and  subject  to  only  a  slight  deviation  of  the  springs  from  the 
law  of  proportional  deflection. 

In  other*  types  of  electrodynamometer  wattmeters,  as  typified  by  those 
of  the  Weston  Electrical  Instrument  Company,  the  torque  is  also  pro- 
portional to  the  product  of  the  currents  in  the  fixed  and  movable  coils, 
but  the  scale  is  not  uniform,  due  to  the  fact  that  the  movable  element,  in 
taming,  is  deflected  through  a  field  of  varying  intensity.  Such  instru- 
ments have  scales  which  are  open  at  the  center,  and  contracted  at  the 
high  and  low  points. 

Electrodynamometers  in  which  the  coils  are  not  astatically  arranged 
are  subject  to  the  influence  of  stray  fields,  and  if  used  on  continuous 
current,  reversed  readings  must  be  taken  in  order  to  eliminate  the  effect 
of  the  earth's  field. 

There  is  more  or  less  of  a  difference  of  opinion  among  users  and 
manufacturers  of  instruments  concerning  the  relative  merits  of  the 
dynamometer  or  zero  reading  type  of  construction  and  the  direct 
swing  or  scale  and  indicator  type. 

The  zero  reading  type  of  instrument  is  especially  applicable  in  making 
tests  when  the  voltage  or  load  must  be  maintained  at  a  constant  value. 
In  this  class  of  service,  the  pointer  attached  to  the  torsion  head  is  set 
at  the  desired  point  on  the  scale,  and  the  operator  has  then  only 
to  manipulate  the  controlling  devices  until  the  indicator  attached  to  the 
movable  system  indicates  zero. 

It  should  be  borne  in  mind  that  instruments  of  the  Kelvin  balance  type 
have  their  coils  astatically  arranged,  thus  insuring  freedom  from  the 
influence  of  external  magnetic  fields,  when  these  have  equal  effect  on  all 
the  coils.  Other  types  of  instruments  are  strongly  affected  by  external 
fields. 

Most  instruments  of  the  direct  swing  type  are  characterized  by  low 
torque  and  light  delicate  construction  of  the  movable  element  These 
characteristically  weak  features  are  the  result  of  the  necessity  of  so  con- 
structing the  elements  as  to  permit  a  large  angular  deflection  of  the 
movable  coil.  The  large  angular  movement  brings  the  coil  into  a  widely 
distributed  non-uniform  magnetic  field,  which  is  much  weaker  than  that 
secured  by  the  balanced  dynamometer  construction. 

Another  point  worthy  of  consideration  is  the  effect  of  accidental  over- 
loads of  momentary  duration.  In  the  case  of  direct  swing  instruments 
the  indicator  is  very  likely  to  be  bent,  necessitating  repair  and  recalibra- 
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tion  prior  to  further  use.  In  the  Kelvin  balance  type,  the  angular  de- 
flection of  the  movable  element  is  small,  and  the  construction  is  so 
rugged  that  in  most  instances  the  accuracy  of  the  instrument  remains 
unimpaired. 

In  general,  it  may  be  stated  that  the  relative  advantages  of  these  two 
types  of  construction  depend  entirely  upon  the  service  required  of  them. 
Instruments  intended  for  use  in  a  laboratory  where  speed  or  conven- 
ience of  manipulation  is  subservient  to  high  accuracy  are  most  satis- 
factory when  of  the  zero  reading  type.  For  use  on  circuits  which 
fluctuate,  the  indicating,  scale  -and  indicator  type  are  probably  best. 

The  Westinghouse  Electric  &  Manufacturing  Company's  line  of 
precision  instruments  are  representative  of  the  best  form  of  sec- 
ondary standard  transfer  instruments  available  for  central  station 
service. 

The  merit  of  this  type  of  instrument  lies  in  the  advantages  afforded  by 
its  principle  of  operation  and  in  the  quality  of  material  and  workman- 
ship employed  in  its  construction. 

The  relative  advantages  of  the  zero  reading  and  scale  and  indicator 
type  of  instrument  have  been  discussed,  and  it  is  clear  that,  where 
other  characteristics  are  equal,  the  more  rugged  construction  of  the  Kel- 
vin balance  type  renders  this  species  of  instrument  most  desirable  for 
laboratory  service. 

In  this  precision  instrument,  the  movable  system  consists  of  two  coils, 
which  are  attached  to  an  aluminum  frame  and  supported  by  a  ball  and 
cup  jewel  bearing.  Each  movable  coil  is  placed  vertically  between  two 
fixed  coils,  and  the  connections  are  such  that  each  movable  coil  is  at- 
tracted by  one  fixed  coil  and  repelled  by  the  other. 

The  instruments  are  zero  reading,  the  movable  element  being  deflected 
from  its  position  of  rest  when  current  passes  through  the  coils.  The  in- 
dications are  determined  by  the  deflection  of  the  control  spring  to  return 
the  movable  system  to  zero.  An  indicator,  fitted  with  a  fine  cross-hair, 
is  attached  to  the  movable  element,  and  by  its  position  over  the  zero 
line  of  the  scale,  indicates  when  the  torque  produced  by  the  current  in 
the  coils  is  exactly  balanced  by  the  counter  torque  of  the  controlling 
springs. 

The  scales  are  of  silvered  metal,  the  divisions  of  which  are  cut  by  an 
engraving  machine,  thus  insuring  exact  uniformity  (Fig.  193)-  A  vernier 
enables  tenths  of  divisions  to  be  read  with  exactitude.  The  voltmeters  and 
ammeters  are  provided  with  double  scales,  one  reading  in  divisions  and  the 
other  in  volts  or  amperes.  The  scale  marked  in  divisions  is  used  when 
most  accurate  results  are  required,  the  value  of  the  indication  being  de- 
termined bv  the  calibration  curve,  constant,  and  a  table  of  square  roots 
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which  accompanies  each  instrument.  The  scale  of  the  wattmeter  is  uni- 
form, and  the  indications  are  delermined  by  the  calibration  curve  and 
constants  supplied  hy  the  maker. 

Being  constructed  on  the  Kelvin  balance  principle,  the  indications  of 
these  instruments  are  unaffected  by  the  wave  form  or  stray  magnetic 
fields,  having  equal  effect  on  all  the  coils. 


Fig.  193,— Se»l«  U»ed  in  a  Ntdl  Type  of  Instioment,  Showing  Double  Scale  and  Vernier, 
WestioghouK. 

The  fixed  coil  supports  are  composed  of  a  high  re5istanec  alloy,  which 
avoids  errors  due  to  eddy  currents  and  provided  a  rigid  non-warping 
frame  for  the  elements. 

The  vcJtmeter,  and  the  potential  circuit  of  (he  wattmeter,  are  provided 
with  non-inductive  external  resistances.  The  ratio  of  this  resistance  to 
the  inductance  of  the  potential  circuit  is  such  that  the  in'itruments  are 
unaffected  by  changes  in  frequency.  In  the  case  of  the  wattmeter  this 
property  insures  accuracy  on  very  low  power- factors. 
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The  external  resistance  for  voltmeters  anil  wattmeters  is  composed  of 
manganin,  the  temperature  coefficient  of  which  is  negligible.  Tempera- 
ture effects,  due  to  the  heating  of  the  coil  and  control  springs,  tend 
to  cancel;  the  resistance  coefficient  being  positive  and  that  of  the 
springs  negative;  the  combined  coefficient  of  resistance  and  springs 
being  about  0.03  per  cent  per  degree  C.  This  coefficient  is  negative, 
less  energy  being  required  for  a  given  deflection  as  the  temperature 


The  instruments  are  provided  with  thermometers  with  which  the 
temperature  of  the  springs  may  be  measured,  so  that  the  proper  c 
may  be  applied. 

Precision   voltmeters  and   wattmeters  are  of  rugf 


;t  Current  Infllrununtar     Leeds  ft  Noithnip. 

may  often  be  subjected  to  momentary  overloads,  without  having  their 
accuracy  permanently  impaired.  Ammeters  of  this  type  must  be  guarded 
against  overload,  however,  as  the  flexible  conduclors  which  carry  cur- 
rent to  the  movable  coil  are  likely  10  be  damaged. 

In  the  hot  wire  type  of  instruments  the  deflection  depends  upon 
the  expansion  of  a  wire  heated  by  the  passage  of  current.  ( Sec  Chap- 
ter II.)  Instruments  based  upon  this  principle  are  independent  of  fre- 
quency, wave  form,  and  stray  magnetic  fields,  and  may  be  calibrated  upon 
continuous  current  A  marked  advantage  is,  that  they  may  be  used  in 
I  connection  with  shunts  for  measuring  alternating  current  of  ordinary  fre- 
'ncies. 
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195. — Co8ni>arator  Diagrams:  Showing  the  essential  featuie  of  the  instrument,  which 
is  a  sensitive  device  for  detecting  differences  between  two  small  cui  rents  and  for  showing 
whfen  they  are  equal.  Its  action  is  the  same  whether  the  currents  be  direct  or  alternating; 
ooasequently,  it  can  be  used  to  show  equality  between  small  direct  and  alternating  currents, 
(a)  Two  wires,  A-B  and  C-D,  of  eoual  length,  diameter  and  resistance  are  stretched, 
as  shown,  about  5-33  inches  apart.  Tney  are  pulled  back  at  the  middle  point  by  a  cross 
piece,  resting  on  both.  A  spnng  attached  to  the  cross  piece  keeps  a  constant  tension  on 
the  two  wires.  A  mirror  is  mounted  on  the  cross  piece,  as  shown  in  detail  in  (b).  If  one 
wire  elongates  more  than  the  other,  the  mirror  will  tilt  and  a  very  ^ight  tilting  can  be 
observed  by  a  lamp  and  scale.  Equal  currents  flowing  through  both  wires  will  cause  equal 
heating  and  equal  elongation  but  no  deflection,  but  a  sUght  difference  in  the  ctirrents  in 
the  two  will  cause  unequal  elongation  and  a  deflection. 

•  (c)  Arrangement  of  comparator  for  the  standardization  of  an  alternating  current 
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The  Leeds  &  Morthrup  Comparator  is  a  type  of  hot  wire  instru- 
ment designed  for  the  standardization  of  alternating  current  volt- 
meters and  ammeters,  and  for  the  determination  of  the  ratios  \fl  in- 
strument transformers  (Figs.  194  and  195).  External  to  the  instrutnrtit 
itself  are  non-inductive  resistances,  the  number  and  capacity  of  which 
varies  with  the  quantity  of  current,  or  voltage  to  be  measured. 

This  device  is  slow  in  operation,  must  be  guarded  against  over- 
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Fig. 


— VoltoutH  [or  very  Hiah  Potentials.  BlectnuUtic  Type.  We 


load,  and  must  be  used  in  conjunction  with  a  potentiometer  to  attain 
an  accuracy  of  0.2  per  cent. 

As  a  class,  these  instruments  should  not  be  considered  as  satisfactory 
standards  (or  central  station  use.  Among  the  disadvantages  may  be 
mentioned  that  they  have  3  limited  range,  no  overload  capacity,  are 
slow  in  operation,  and  their  mechanical  construction  is  such  as  to 
render   repairs   difficult. 

Another    type    of    instrument    which    may    be    used    upon    continuous, 
or   allernating.   current   is   known   as   the   electrostatic    type    (Figs.    196 
and    197).      Ill    ihc    Kelvin    multicellular    pattern,    the    action    depends- 
upon    the    attraction    of    oppositely    charged    ^dies,    and    the    repulsion 
of  similarly  charged  ones.    The  forces  are  so  small  that  electrostatic 
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not  practical,  but  electrostatic  voltmeters  can  be  made 
for  potentials  in  excess  of  300  volts,  which  will  operate  satisfactqrily. 
The  great  advantage  of  this  type  of  voltmeter  is,  that  it  consumes  no 
energy  when  used  on  continuous  current  circuits,  and  an  extremely  small 
amount  when  used  on  alternating  current  circuits.  It  is  not  affected 
by  frequency  changes,  wave  form,  or  stray  magnetic  fields.  For  very 
high  voltages  the  electrostatic  voltmeter  can  be  used  to  great  advan- 
tage if  it  is  not  desired  to  tjse  voltage  transformers.   Wattmeters  may 


if  VolCmeler,  El«ctroiUtic  Type,  WesUnahou 
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be  constructed  on  the  electrostatic  principle,  but  are  not  suitable 
practical  application. 

Calibrated  resistances,  properly  used,  aflord  : 
of  comparing  alternating  current  instruments  with  < 
standards.  The  earliest  forms  of  calibrated  Tesistances  consisted  of  banks 
of  seasoned  and  calibrated  incandescent  lamps.  These  possessed  disad- 
vantages arising  from  their  bulk,  liability  to  breakage  and  variations  in 
resistance  due  to  overload. 

In  the  latest  forma  of  calibrated  resistances,  resistance  units 
composed  of  zero  temperature  coefficient  metal,  capable  of  carrying  their 
■  ated  watts  continuously  without  change  in  resistance,  and  unaffected 
by  repeated  heating  and  cooling,  are  employed.  The  units  are  so 
as    to    be    immune    from    accidental    damage,    and    are 
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mounted  in  a  protecting  box  or  frame,  with  suitable  switches  for 
connecting  the  various  ranges  in  circuit.  The  switches  must  have  a 
negligible   contact   resistance. 

The  connecting  leadi  are  a  part  of  the  calibrated  resistance,  and 
should  be  maintained  in  perfect  condition. 

Where  it  is  desired  to  avoid  the  use  of  corrections,  a  convenient  and 
reliable  means  of  adjusting  the  resistances  should  be  provided,  in  which 
case  the  resistances  should  be  readjusted  whenever  found  in  error. 


Pic.  ipR. — AnnoUted  Vlcv  of  Induction  Type  of  Imttumait.     WcstioghouM. 

The  accuracy  with  which  the  load  is  determined  is,  assuming  the 
resistance  to  be  corrccl,  dependent  only  on  (he  accuracy  of  the  voltmeter; 
but  it  should  be  borne  in  mind  that  a  given  percentage  error  in  calibrat- 
ing, or  in  reading  the  voltmeter  affects  both  the  voltage  and  current. 

Where  the  observed  voltage  is  in  error,  the  percentage  of  correct  watts 
indicated  may  be  determined  by  (he  following  formula  where 


L 


X  =  error  in  vohs,  and 
E  =  true  volts. 
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If  observed  volts  are  greater  than,  true  volts,  the  percentage  of  correct 

(E  +  X)' 
watts  ^  100 — •    If  observed  volts  are  less  than  the  true  volts, 

^,    _         (E-X)' 


the  percentage  of  c 


( 


Instruments  operating  only  on  alternating  currents  are  known  as 
indDCtion  initrutnents.  Their  action  depends  upon  the  interaction 
of  inducing  and  induced  currents.  The  usual  form,  typified  by  those  of 
Westinghouse  manufacture,  contains  a  laminated  iron  core,  surrounded 


ment  Shown  in  Pig-  '9S,  Shown  in  Pig.  i^iB. 

by  one  or  more  coils  of  wire  (Figs.  198,  igg  and  200).  An  alternating 
magnetic  flux  is  set  up  in  the  air  gap  of  this  core  when  current  ilows 
through  the  coils.  The  effect  of  a  rotating  field  may  be  secured  through 
the  action  of  more  than  one  group  of  coils,  in  which  the  currents  differ 
in  phase  or  a  single  coil  may  be  used  with  fixed  copper  dampers  in  which 
induced  currents  are  set  up. 

The  resultant  action  of  the  flux,  due  to  the  coil,  and  that  due  to  Che 
induced  cu-rrenCs  in  the  dampers,  produces  the  eflect  of  a  rotating  field. 
In  this  field,  a  drum  or  disk — usually   of  aluminum — is   supported    by 
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pivots.  The  rotating  field,  reacting  upon  the  currents  induced  in  the 
movable  element,  produces  rotation.  In  indicating  instruments  the  rota- 
tion is  opposed  by  a  spring.  An  inherent  defect  of  this  type  of  in- 
strument is  that  it  tends  to  vary  somewhat  with  change  of  fre- 
quency. This  type  of  instrument  possesses  the  advantage  of  a  nearly 
closed  magnet  circuit  and  an  extremely  long  scale.  The  movable  ele- 
ment has  no  windings,  and  hence  requires  no  provisions  for  con- 
ducting current  to  and  from  it.  These  instruments  are  not  suitable 
for  circuits  of  varying  frequency,  and  they  must  be  calibrated  by 
comparison  with  standards  of  the  electrodynamometer  type. 

Instruments  of  the  electromagnetic  type,  such  as  the  Thomson 
inclined  coil  voltmeters  and  ammeters,  and  Weston  alternating  cur- 
rent patterns,  depend  upon  the  action  of  the  flux  set  up  in  a  coil  traversed 
by  current  upon  one  or  more  pieces  of  soft  iron. 

The  fundamental  principle  of  operation  is  such  that  this  form  of  in- 
strument will  operate  on  continuous  current,  but  the  results  obtained 
when  so  used  cannot  be  relied  upon  closer  than  two  or  three  per  cent. 
On  account  of  hysterisis,  the  means  of  reverse  readings  on  continuous 
current  does  not  give  an  accurate  test  of  the  performance  on  alternating 
currents,  so,  when  intended  for  use  on  alternating  current,  they  should 
be  calibrated  by  means  of  transfer  instruments  which  havfe  been 
checked  with  continuous  current  standards. 

These  instruments — the  electromagnetic  and  induction  patterns — 
have  a  certain  definite  use  in  the  laboratory  as  working  instruments, 
but  should  not  be  considered  as  reliable  standards  unless  calibrated  by 
means  of  transfer  instruments  on  a  circuit  of  the  same  frequency  as  that 
on  which  they  are  used.  They  should  be  selected  with  special  reference 
to  performance  under  conditions  of  variations  in  wave  form  and 
frequency,  and  also  with  regard  to  dampening,  since  most  alternat- 
ing current  instruments  require  auxiliary  dampening  devices,  some  of 
which  are  more  satisfactory  than  others. 

Those  operating  upon  the  electromagnetic  system  are  less  affected  by 
frequency  and  wave  form  variation  than  are  those  of  the  induction 
type;  the  latter,  however,  have  the  advantage  of  an  extremely  long  open 
scale,  much  higher  torque,  more  rugged  construction,  and  can  be  ar- 
ranged for  two  capacities  by  means  of  a  series  and  multiple  combination 
of  windings. 

A  rotating  standard  is  a  portable  form  of  watt-hour  meter,  fitted 
with  graduated  diats,  on  which  revolutions  and  fractions  of  revolutions 
of  the  moving  element  are  indicated  by  means  of  dial  hands  (Chap- 
ter XVI). 

Rotating  standards  are  usually  provided  with  a  number  of  coils  so 
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as  to  obtain  various  current  capacities,  and  the  potential  winding 
arranged  for  use  on  no  and  220  volt  circuits. 

Various  means  are  employed  in  effecting  the  combination  of  the  coils 
so  as  to  obtain  the  different  capacities.  For  instance,  the  Westinghouse 
rotating  standard  is  provided  with  a  drum  switch  which  changes  both  the 
current  and  potential  coils,  and  the  Fort  Wayne  rotating  standard  was 
formerly  provided  with  plugs,  by  means  of  which  the  current  coils — the 
leads  of  which  were  fastened  to  contact  blocks — were  grouped  in  series 
and  multiple  series  combinations.  The  present  type  is  provided  with 
separate  terminals  for  the  different  current  capacities. 

This  type  of  instrument  affords  a  rapid,  accurate  means  of  testing 
watt-hour  meters,  which  possesses  many  advantages  over  any  other 
method.  Among  these  are — that  it  is  well  adapted  for  use  by  one  man, 
and  that  the  results  obtained  by  its  use  are  independent  of  fluctua- 
tions in  line  voltage. 

Rotating  standards  are  peculiarly  well  adapted  for  use  on  alternating 
current  circuits  by  reason  of  the  simplicity  of  design  afforded  by  the 
induction  watt-hour  principle.  The  use  of  rotating  standards  in  contin- 
uous current  testing  is  usually  confined  to  tests  on  watt-hour  meters 
under  150  amperes  capacity. 

In  general,  the  typt  selected  depends  upon  the  type  of  service 
meter  in  use.  It  is  obvious  that  a  standard  possessing  the  same  charac- 
teristics as  that  of  the  meter  under  test  may  be  used  more  advantageously 
than  one  in  which  the  characteristics  are  different.  Points  to  be  con- 
sidered in  the  selection  of  portable  watt-hour  standards  include  constants, 
capacity,  accuracy,  permanency  of  calibration,  ease  of  manipulation  to 
obtain  various  ranges,  design  and  arrangement  of  the  dial  and  indi- 
cator, weight,  and  general  portability.  The  constants  and  characteristic 
load  curve  should  be  adapted  to  those  of  the  service  watt-hour  meters. 
The  instrument  should  have  a  number  of  current  ranges,  so  as  to 
enable  the  selection  of  suitable  coils  for  testing  meters  of  various 
capacities. 

The  relation  of  the  various  windings  to  each  other  should  be  investi- 
gated to  eliminate  the  possibility  of  error  in  one  or  more  range.  The 
effect  of  changing  from  one  range  to  another  should  be  investigated  to 
eliminate  the  possibility  of  error  in  one  or  more  range.  The  effect  of 
changing  from  one  range  to  another  should  be  effected  in  a  simple  man- 
ner, so  as  to  avoid  errors  due  to  improper  grouping  of  the  windings,  and 
care  should  be  taken  to  consider  the  error  in  changing  from  one  to  the 

other. 
In  addition  to  the  above,  continuous  current  rotating  standards  should 
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be  selected  with  special  reference  to  the  effect  of  temperature,  extemal 
fields,  and  portability, 
h.      In  some  types  of  continuous  current  rotating  standards,  the  tern- 
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permtore  error  due  to  the  heating  of  the  armature  circuit  is  negligible, 
and  the  only  temperature  error  to  be  compensated  for  is  that  of  the  disk. 

These  standards  are  made  with  an  armature  wound  with  comparatively 
few  turns  of  heavy  wire  and  a  resistance  in  series  with  the  armature 
wound  with  wire  of  negligible  temperature  coefficient.  The  resistance 
of  the  armature  is  only  a  small  portion  of  the  total  resistance  of  the 
circuit,  and  the  wire  with  which  it  is  wound  is  large  enough  to  carry 
the  armature  current  without  any  appreciable  heating. 

Any  change  in  the  temperature  of  the  disk  will  cause  a  correspond- 
ing change  in  the  eddy  currents,  and  this  will  alter  the  drag  of  the 
meter.  To  compensate  for  this,  a  sliding  contact  with  a  pointer  is 
placed  on  the  rotating  standard  to  cut  in  or  out  a  portion  of  the  negli- 
gible temperature  coefficient .  resistance  wire,  thereby  changing  slightly 
the  current  in  the  armature  circuit,  so  as  to  compensate  for  the  changed 
drag. 

The  sliding  contact  plays  over  a  scale  calibrated  in  degrees  and  the 
pointer  is  set  to  correspond  to  the  reading  of  a  thermometer  which  is 
placed  inside  the  rotating  standard.  Observations  of  the  thermometer 
should  be  made  during  the  test  and  care  taken  to  see  that  the  sliding 
contact  is  always  set  to  correspond  to  the  reading. 

The  master  standard  for  the  measurement  of  time  should  be  a  high 
grade  standard  clock,  with  a  pendulum  beating  seconds  (Fig.  201). 

The  clock  should  be  provided  with  a  contact  device  so  that  sec- 
ondary clocks  can  be  electrically  operated  therefrom,  or  time  signals 
transmitted  by  means  of  relays,  or  telephones,  when  such  is  desired 
(Fig.  202). 

Where  a  suitable  type  of  automatic  relay  is  used  instead  of  a  stop 
watch  for  laboratory  tests  on  watt-hour  meters,  inherent  errors  in  the 
watch  and  the  personal  error  of  timing  are  eliminated. 

Fig.  203  illustrates  a  type  of  relay  operated  test  circuit,  which  is 
used  by  the  Edison  Electric  Illuminating  Company  of  Boston,  for  com- 
paring portable  rotating  standards  with  secondary  standards. 

Its  operation  is  based  on  the  testing  formula,  ^ 

3,600  X  Kj^  X  R 
Watts  = 

where  K„  =  watt-hour  equivalent  of  one  revolution  of  the  moving  ele- 
ment of  the  meter  or  the  watt-hour  constant,  and 

R  =  the  number  of  revolutions  of  the  moving  element  in  time,  S,  sec- 
onds. 

ChP  fh^e^  vari/m«  fartnrc    K".     i«  fiv**H   hv  thi>  rnn«fnirfmn   nf  fb#»   tnM<»r.      A 
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while  the  watts,  revolutions  and  time  are  variables,  although  any   two 
of  the  tatter  may  be  fixed  at  any  predetermined  value. 

It  is  customary  for  any  given  test  to  use  a  fixed  value  for  R,  allow- 
ing the  watts  and  lime  to  be  variable,  and  determining  their  average 
value  by  indicating  instruments  and  a  stop  watch.    Of  these,  the  value  of 


■t   expensive   slop  watches 
I  practice  that  are  not  so 


time  is  the  most  uncertain,  since  even  the  mi 
have  certain  inherent  defects  and  give  results 
rdiable  as  the  measurement  ot  either  watts  or   revolutions. 

In  the  use  of  the  relay,  advantage  is  taken  of  the  fact  that  all  rotating 

standards  are  so  designed  that  the  register  or  dial  begins  to  record  al  the 

1  beginning  of  an  observation,  and  slops  recording  at  the  end  of  the  period ; 
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the  record  thus  obtained  being  a  correct  indication  of  the  actual  energy 
passing  through  the  meter  during  that  period. 

It  is  possible  lo  fix  the  time  at  any  given  value,  for  while  this  necessi' 
tales  R  being  a  variable,  the  value  of  the  latter  may  be  accurately  de- 
termined, since  the  dial  may  be  read  to  o.oi  revolution,  and  all  obser- 
vations are  taken  with  the  dial  hand  at  rest. 

In  a  test  the  watts  are  determined  in  the  usual  manner  by  means  of 
indicating  instruments. 


Pic.  103.— Diagnm  of  Time  Relay  Operaled  Test  Circuit, 

The  time  is  obtained  from  a  pendulum  beating  seconds,  either  by 
means  of  an  attachment  placed  on  the  escapement,  or  by  a  magnetic  ar- 
rangement at  the  tower  end  of  the  pendulum  rod.  The  escapement  de- 
vice is  that  used  by  the  Western  Union  Telegraph  Company  for  furnish- 
ing time  to  jewelers.  Through  a  relay  and  a  magnetically  operated 
ratchet,  a  disk  is  caused  lo  rotate  one-sixtieth  of  a  revolution  once  a 
second.  A  spring  resting  on  the  disk  is  in  electrical  contact  with  the  disk 
thirty-six  sixtieths  of  one  revolution,  or  during  thirty-six  seconds.  For 
commutator  type  watt-hour  meters,  this  spring  and  disk  are  in  series  with 
the  dutch  circuit,  and  for  induction  watt-hour  meters,  the  potential  cir- 
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cuit,  therefore,  the  watt-hour  meter  under  test,  in  each  case,  records  for 
exactly  thirty-six  seconds  each  minute,  during  which  time  readings  are 
taken  on  the  indicating  instruments  to  determine  the  watts. 
The  formula  now  becomes — 

3,600  X  Kfc  X  Revs. 

Watts  = 

36 

=  100  K^  X  Revs. 

The  value  of  S  was  set  at  36  seconds,  since  in  any  arrangement  of 

second  pendulum  and  contact,   it  is  difficult  to  so  arrange  the  contact 

that  the  odd  and  even  intervals  of  time  are  exactly  of  equal  value.    The 

sum  of  any  two  successive  values  will,  however,  be  equal  to  two  seconds 

and  thus,  by  taking  an  even  number  of  seconds,  one  source  of  error  is 

3,600 
eliminated.    With   36,   the   factor  — r —  reduces  to   a   multiplying   factor 

of  100. 

Stop  watches,  which  indicate  seconds  and  fractions  thereof,  usu- 
ally 0.2  or  0.1,  are  generally  used  for  time  measurement  in  tests  con- 
ducted outside  of  the  laboratory  and  in  many  instances  in  the  laboratory 
itself.  Their  accuracy  is  determined  by  comparison  with  a  standard  pen- 
dulum or  sweep  second  chronometer. 

As  the  accuracy  of  stop  watches  is  generally  very  much  over-esti- 
mated, special  care  should  be  given  in  selecting  one  that  will  be  reliable 
and  accurate,  and  when  used,  it  should  be  checked  frequently  at  a  number 
of  points  with  a  reliable  standard,  as  the  average  watch  is  not  always 
correct  at  all  points  of  its  dial. 

The  hand  should  be  released  and  start  to  indicate  the  instant  the  key 
is  pressed.  With  the  second  depression  it  should  be  immediately  stopped, 
and  on  pressing  the  third  time,  it  should  return  to  zero.  It  should  be 
noted  that  the  hand  does  not  "  overthrow  "  during  any  of  these  operations. 

As  most  watches  indicate  only  in  one-fifth  seconds,  an  inherent  error 
may  occur,  due  to  the  starting  and  stopping,  and  this  is  of  greater  impor- 
tance than  its  accuracy  as  a  time  piece. 

While  it  is  a  poor  watch  that  cannot  be  adjusted  to  keep  time  within 
one  minute  per  week,  or  within  one-hundredth  of  one  per  cent,  still, 
many  errors  are  liable  to  be  introduced  in  timing  the  revolution  of  the 
rotating  element  of  a  watt-hour  meter,  and  therefore  only  the  best  makes 
of  watch  obtainable  should  be  used  for  this  work,  as  those  of  the  cheaper 
grades,  due  to  imperfect  design,  construction  and  workmanship,  may  in- 
troduce serious  errors  in  testing. 
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The  balance  wheel  of  the  above  type  of  watch  completes  its  travel  of 
approximately  250  degrees  in  one-fifth  of  a  second.  It  is  necessary,  for 
good  time  keeping  qualities,  that  its  motion  should  be  as  free  as  passible, 
and  that  it  should  be  entirely  disconnected  from  the  train  for  the  great- 
est possible  portion  of  this  travel.  It  swings  entirely  free  for  approxi- 
mately 240  degrees,  and  unlocks  the  escapement  for  10  degrees,  during 
which  time  the  train  drives  the  hand  forward  one-fifth  of  a  second  divis- 
ion and  again  locks  it  from  any  movement  during  the  next  240  degrees 


Fic,  304.~Wli€atatone  Bridge.  Double  Psltem.     Wolff. 

of  the  balance  wheel  travel.  In  other  words,  the  hands  of  a  watch  are 
absolutely  stationary  during  95  per  cent  of  any  interval  of  time,  and  it 
makes  no  difference  in  the  movement  of  the  stop  watch  hand  whether  it 
is  thrown  in  mesh  at  the  beginning  or  the  end  of  a  travel  of  the  balance. 
Therefore,  with  a  perfect  time  piece,  a  perfect  stop  mechanism  and  ab- 
solutely no  error  on  the  part  of  the  observer,  an  error  of  practically  one 
beat,  or  1  second  may  easily  occur  in  measuring  lime.  In  30-second  ob- 
servations, this  error  may  amount  to  I  per  cent.  When  adding  to  this 
error  those  due  to  imperfect  stop  mechanisms,  a  throw  of  the  hand  in  the 
interval  between  freeing  it  from  the  friction  clamp  and  meshing  it  with 
the  train,  a  similar  throw  in  disconnectine  from  mesh  and  aeain  clamp- 
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ing  it,  and  the  inaccuracy  of  the  meshing  itself,  it  is  not  difficult  to 
realize  that  an  additional  error  of  Vs  per  cent  or  more  may  be  introduced. 

It  is  important  that  readings  covering  a  period  of  at  least  to  sec- 
onds be  taken  if  accurate  results  are  to  be  expected.  The  use  of  a  watch 
beating  -h  seconds  is  recommended,  as  the  error  would  only  be  one- 
half  as  great  as  when  one  beating  )  seconds  is  used. 

A  Wheatstone  bridge  is  an  apparatus  for  measuring  the  ohmic  re- 
sistance of  conductors.  It  comprises  a  number  of  resistances  having  a 
low  temperature  coefficient.  These  resistances  are  wound  on  metal  or 
wooden   spools.     The   leads   are   attached   to   brass  contact   blocks,    which 


Pic.  105. — WbcsUtone  Bridge,  with  Decide  Arrangenient  of  Coili.     Leeds  ft  Northrup. 

are  mounted  on  a  hard  rubber  plate.  The  resistances  are  cut  in  or  out 
of  circuit  by  means  of  plugs,  or  dial  switches.  Accessory  10  the  apparatus 
are  batteries  for  supplying  the  lest  current,  a  galvanometer,  and  contact 
keys  for  closing  the  battery  and  galvanometer  circuits. 

The  bridge  may  have  continuously  variable  ratio  arms  and  one  or 
more  fixed  comparison  resistances,  or  it  may  have  fixed  ratio  arms 
and  a  variable  rheostat  as  the  comparison  resistance.  In  the  measurement 
of  resistances  less  than  1  ohm  the  Kelvin  double  bridge  should  be  used; 
the  apparatus  provided  for  this  work  is  usually  a  double  set  of  similar 
■■tio  arms,  together  with  a  low  resistance  standard  (Fig.  304).  The 
QStat  arm  of  a  Wheatstone  bridge,  and  rheostats  in  general,  may  con- 
of  a  simple  scries  of  coils  short  circuited  by  plugs,  or  of  any  one  of 


LABORATORY,    STANDARDS  AND  INSTRUMENTS 


^57 


several  decade  arrangements  (Fig.  205).  The  decade  arrangement  con- 
sists of  groups  of  equal  decimal  steps.  They  are  easier  and  quicker  to 
manipulate  and  involve  fewer  contact  resistances.  They  are  adaptable 
either  to  plug  or  switch  connection.^. 


The    ratio   an 
The  connecting 
ranometer  or  battery 
not    exceed   0.0002   ohm, 
There  should  be  not  n 


s  Bridg. 


Wheatstone  bridge  should  be  reversible. 
he  branch  points  of  the  bridge  (gal- 
on  points)  must  be  low,  and  should 
ratio  coils  as  small  as  i  ohm  be  used. 
than  two  contact  1 


Pig,  J07,— Double  Contact  Key. 

arm.  In  bridges  of  older  design,  the  ratio  coils  are  in  series,  and 
are  thua  more  subject  to  plug  troubles.  For  facility  in  calibration, 
aujclliary  potential  connections  should  be  provided  to  the  branch 
points,  or  terminal  points  of  ratio  arms.  Connecting  1 
the  bridse  should  always   be   made   low.   and   the   1 
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battery    should   be   introduced   at   such   points    that    the    connecting 
in  series  with  the  rheostat  arm  rather  than  the   ratio 


:  under  measurement.  In  the  use  of  a  bridge, 
the  ratio  arms  should  be  chosen  which  will  give  a  large  setting  o( 
the  rheostat  arms  in  order  to  obtain  a  high  percentage  accuracy  of 
reading,  provided  that  such  a  choice  is  consistent  with  sensibility. 


FiG'  ao8. — Double  Contact  Key.  Diagram  of  ConnectLooa. 

Fig.  206  shows  the  theoretical  connections;  r,  fi  and  r»  are  known  re- 
sistances, and  r,  is  the  resistance  to  be  measured.  When  the  relation 
of  the  resistances  is  such  that  the  galvanometer  G  shows  no  deflection, 


The  battery  switch  S  i  should  always  be  closed  before  the  galvanometer 
switch  .S  2,  in  order  to  permit  the  current  in  the  coils  to  reach  a  state  of 
stability  before   the  galvanometer   is   connected  to   the   circuit 

The  use  of  a  double  contact  key  such  as  is  shown  tn  Figs.  207  and  ao8 
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is  a  very  satisfactory  method  of  obtaining  this  result.     The  ballery  is 
wired  to  the  top  leaves  of  the  Icey,  and  the  galvanometer  to  the  lower 


Pio.  100.— Wbntitaiu  Bridge,  Pon-Office  Pattern.     WdS. 

leaves.    It  is  obvious  that  contact  B  will  be  closed  before  G  when  the  key 
is  depressed. 
Several  different  types  of  Wheatstone  bridges  embodying  the  above 


Pio.  iia.— WIiHtrtont  Brldse,  Slide  Win  Pattern.    Gurley. 

principles  are  available.  In  that  known  as  the  post-office  form  (Fig. 
ao9>,  variations  of  resistance  are  produced  by  the  use  of  conical  short  cir 
cnitinff  oliiss.  which,  when  placed  between  the  contact  blocks,  short  cii 
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cuii  the  resistance  connected  thereto.    This  type  is  employed  for  general 
work  where  neither  very  high  nor  very  low  resistances  are  to  be  measured. 
The  slide  wire  bridge  shown  in  Figs.  2io,  211  and  212  is  very  con- 
venient to  manipulate,  but  it  is  not  so  accurate  as  other  types.     In   this 

form  (Fig.  213),  the  ratio  —  is  varied  by  moving  the  sliding  contact  b 

along  the  wire  ac.     This  wire  forms  the  r 


Fig.  III.— WhMtslone  Bridge.  CMy-Fmter  Typr.     Ltcdt  8:  Northrup. 

The  wire  should  be  homogeneous  and  of  uniform  cross  section,  so  that 
the  resistance  per  unit  length   will  be  constant.     If  the  resistance  r  is 


ab      r, 

Thai  form  known  as  the  dial  pattern  (Fig.  214)  is  probably  best 
for  central  station  use.  In  this  type  the  various  resistances  ^ re  connected 
to  stops  over  which  a  switch  arm  travels.  The  positive  contact  afforded 
by  the  pressure  of  the  switch  upon  the  contact  blocks  renders  this  type 
of  apparatus  superior  to  that  of  the  plug  type  as  ordinarily  constructed. 

The  tops  of  the  bridges  should  be  Wept  scrupulously  clean.    Where 

the  adjustment  is  made  by  plugs,  the  plugs  are  made  to  fit  the  taper 

holes  as  closely  as  possible,  in  order  that  the  plug  resistance  may 

a   minimum.      Therefore,   when   using   a   bridge,   the    plug   should 
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noi  be  forced  into  the  hole  and  Iwistic;,  as  this  only  serves  to 
destroy  the  filling  of  the  phig  by  wearinK  away  the  brass,  which, 
,'jlling  between  the  blocks,  is  liable  to  reduce  the  apparent  resistance 


of  the  coil  by  short  circuiting  it.  and  at  the  same  time  greatly  in- 
creasing the  plug  resistance  as  a  whole.  I'lace  the  plug  in  the  hole 
■quarely  and  firmly,  then  lock  it  by  a  slight  Iwist. 
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The  metal  parts  of  the  bridge  top  or  the  plugs  should  not  be  han- 
dled, as  ihe  grease  from  the  hngers  can  increase  the  plu{;  resistance 
to  twenty  times  the  original  value.  The  spaces  between  the  blocks 
should  be  frequently  cleaned  by  drawing  a.  clean  clolh  between  them, 
care  being  taken  to  force  a  suAicient  amount  of  it  down  between 
them  to  till  up  the  space  made  by  undercutting  the  blocks  where 
they  join  the   rubber  top. 

The  sensibility  of  a  bridge  should  not  be  increased  by  using  too 
many  lialleries,  as  the  heating  of  the  bridge  coils  will  result  in  large 


Pig.  114.— Whealstone  Bhdgc.  Dial  Pattein.     Leeds  &  Nonhrup. 

errors  produced  by  thermal  turrenls.  Two  dry  crlls  will  give  good 
results  for  most  i)urposes  up  to  _*,ooo  or  ,1,000  ohms,  beyond  which 
three,   or  at   most   four,   celts   may   be   used. 

A  frequency  meter,  or  indicator,  is  an   instrument   used   for  deter- 

Une  type  of  indicator  is  based  on  the  resonance  or  tuned  reed 
principle.  In  const ructiim,  it  consists  of  a  pendulum,  or  reed,  of 
given  length,  which  responds  lo  periodic  forces  having  the  same 
natural  period  as  itself.  The  instrument  cimiprises  a  number  of 
reeds  of  different  lengtb-i.  moimted  in  a  row,  and  all  simultaneously 
subjected  to  the  oscillatory  attraction  of  an  electromagnet  excited  by 
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the  supply  circuit  being  measured.  The  rccd,  which  has  the  same 
natural  time  period  as  the  curretit  will  vibrate,  while  the  others  will 
remain  practically  at  rest  (Fig.  215). 

The  Westinghouse  frequency  indicator  is  based  upon  the  induc- 
tion principle.  It  consists  of  two  voltage  elements,  one  of  which  is 
connected  to  the  circuit  through  an  inductive  resistance,  and  the 
other  through  a  non-inductive  resistance.  The  movable  element  con- 
sists of  an  aluminum  disk  which  is  pivoted  so  as  to  rotate  t>etwcen 
the   air   gaps  of   the   voltage   elements.      The   disk    is   irregularly    shaped, 


Fig.  lis— Frtquency  Mclci.  Ftahm  Vilirating  Rti-d  Type.     Biddlr. 

one  half  l>eiiig  circular  in  contour,  and  the  other  halt  slightly  spiral. 
The  disk  is  Iralanced  so  thai  it  will  come  tii  rest  in  any  position,  and  it 
is  not  stibject  to  control  hy  either  gravity,  or  springs. 

The  torque  of  the  element  with  which  the  non-inductive  resist- 
ance is  in  series  will  increase  with  the  frequency,  and  the  torque  of 
the  element  with  which  the  inductive  resistance  is  connected  in 
series  will  decrease.  Each  element  tends  to  move  the  disk  in  the  oppo- 
site direction,  and  it  will  move  in  the  direction  of  the  weaker  element 
until  the  difference  of  diameter  within  the  influence  of  the  two  electro- 
magnets is  sufficient  to  equalise  the  torque  of  each,  when  the  disk  will 
stop,  the  indicator  indicating  the  frequency  on  the  scale. 
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As  an  instrument  for  laboratory  use,  the  resonance  pattern  pos- 
sesses many  advantages  over  those  which  operate  on  the  induction 
principle.  Most  portable  instruments  of  this  type  are  provided  with 
a  satisfactory  means  of  regulating  the  amplitude  of  the  vibration  to 
the  voltage  of  the  circuit,  thus  providing  an  instrument  whose  accu- 
racy is  independent  of  voltage. 

The  accuracy  of  a  frequency  indicator  may  be  checked  by  taking 
the  speed  of  the  generator  with  a  tachometer  or  ordinary  speed 
counter,  and  using  the  formula 

Rev.  per  min.  X  poles 
Cycles  per  sec.  = . 

120 


A  power-factor  meter  is  an  instrument  which  indicates  directly  the 
power-factor  of  an  alternating  current  circuit.  Its  indicator  moves  over 
a  graduated  dial,  so  marked  as  to  give  the  actual  or  true  power  in  a 
percentage  of  the  apparent  power. 

In  the  Westinghouse  single-phase  power-factor  meter,  the  fixed 
elements  consist  of  three  stationary  coils,  and  the  movable  element 
comprises  an  iron  armature,  to  the  shaft  of  which  an  indicator  is  at- 
tached. The  shaft  is  pivoted  and  mounted  on  jewel  bearings.  The 
movable  system  is  balanced  and  not  subjected  to  spring  or  gravity  con- 
trol. Two  of  the  stationary  coils  are  connected  to  the  supply  circuit 
in  a  split  phase  relation  through  an  inductive  and  a  non-inductive  resist- 
ance, so  that,  when  the  current  in  one  coil  is  at  a  maximum,  the  current 
in  the  other  will  be  zero.  A  rotating  field  is  thus  produced,  which 
moves  at  a  speed  proportional  to  the  frequency  of  the  supply  circuit. 
The  armature  is  magnetized  by  the  third  coil  which  is  in  series  with  the 
circuit,  and,  as  the  coil  is  non-inductive,  the  magnetzing  current  in  the 
armature  is  in  phase  with  the  voltage  of  the  circuit. 

Under  the  influence  of  current  the  armature  takes  a  position  in 
which  its  zero  field  will  occur  at  the  same  time  as  the  zero  of  the 
rotary  field.  The  difference  in  degrees  between  the  phases  of  the 
two  currents  are  indicated  by  means  of  the  indicator  and  a  suitable 
scale. 

Two  and  three-phase  power-factor  meters,  based  upon  the  above 
principle,  are  available.  All  single-phase  instruments  have  current 
coils  wound  for  5  amperes.  Two  or  more  current  transformers  are  re- 
quired with  '  polyphase  meters,  including  those  of  5  amperes  capacity. 
To  attain  the  highest  accuracy  the   series  current   should  be  between   3 

id  5  amperes,  and  the  potential  within  25  per  cent  of  normal.     Poly- 
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phase  meters  are  not  satisfactory  on  circitiis  which  are  unbalanced  lo  Ihe 
extent  of  20  per  cent  or  more. 

An  oscillograph  is  sometimes  used  in  the  laboratory  to  record  graph- 
ically the  waves  of  current  and  potential,  under  various  conditions,  and 
for  studying  Ihe  relations  o{  values  and  phase  angles  existing  between 
them    (Fig.    216). 

Handling  of  Instruments  with  Relation  to  their  Accuracy. 

Potentiometers,  standard  cells,  standard  resistances,  and  current 
a:id   voltage   transformers   used   in   connection   with   secondary   stand- 


FlG.  116— Oscillograph.     General  Eleclric  Company. 

ards,  should  have  their  constants  determined  by  some  reliable  testing 
authority  other  than  the  manufacturer,  prior  to  being  placed  in  serv- 
ice in  the  central  station  laboratory.  Certificates  of  accuracy  froni 
reliable  independent  testing  authorities  are  desirable  in  the  case  of 
secondary   standards,   though    not   absolutely    necessary. 

The  fees  established  by  the  National  Bureau  of  Standards  for 
tests  of  resistance  standards,  potentiometers,  standard  cells,  Wheat- 
stone  bridges,  and  current  :nd  voitage  transformers,  are  given  in 
the  following  tables.  Full  information  concerning  tests  on  these  and 
other  types  of  electrical  instruments  is  contained  in  circulars  issue'd 
by  the   Bureau,  and   supplied  to  interested  persons  upon  request. 
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RESISTANCE     STANDARDS    FOR    CURRENT    MEASURE 

MENT 

Accuracy,  o.oi  Per  Cent 


Denomination 

I 

II 

III 

(a)    1.0 

ohm 

$2.50 

$2.00 

3  amp., 

$1.00 

(b)   O.I 

it 

2.50 

2.00 

15     " 

1-25 

(c)    O.OI 

tt 

3.00 

2.00 

100    " 

1-50 

(d)  o.ooi 

It 

3-50 

2.00 

500    " 

1-75 

(e)  0.000 1 

tt 

• 

4.00 

2.00 

1000    " 

2.00 

(f)   For   standards   having   values   2,   3,   4,   or   5   times   any    of    the 
above,  the  fees  will  be  40  per  cent  additional. 

I.  Measurement  at   room   temperature  with   low  test   current. 

**  Low    test   current "    signifies   a   test   current    so    small    as    to   produce 
no  appreciable  heating  of  the  standard. 

II.  For  measurement  at  an  additional  temperature. 

III.  For  an  additional  measurement  with  test  current  not  exceed- 
ing the  values  given  in  the  table. 


PRECISION    RESISTANCE    APPARATUS 
Accuracy  (in  general).  0.01  Per  Cent 

(a)  Minimum    fee   for   each    piece   of   apparatus $3.00 

(b)  Rheostats,  bridges  (excepting  ratio  coils),  potentiom- 

eters  (excepting  coils  for  reducing  range),  etc..  per 

coil     .25 

(c)  Ratio   coil   of   bridges,    per   coil .50 

(d)  Calibration  of  slide  wire,  per  section .25 

(e)  Reduction  factors  for  potentiometers,  per  factor 2.0Q 

(f)  Cleaning  contacts,   per  contact .10 


VOLT  BOXES.     FACTORS 

(g)  Test  with  low  voltage,  per  factor $1.50 

Test  with  service  voltage  (not  exceeding  150  volts). 

(h)   Factors  2,  3,  5,  or  10,  each 2.00 

(i)   Factors  20,  30,  50,  or   100,  each 3.00 


LABORATORY,   STANDARDS   AND   INSTRUMENTS      267 

STANDARD    CELLS 

Accuracy,  0.000 i  Volt 
(a)  Testing  standard  cells  at  one  temperature,  about  25°  C,  $2.00 

CURRENT    TRANSFORMERS 

Test  for  ratio  of  transformation  (quotient  of  primary  or  line  cur- 
rent divided  by  secondary  or  meter  current)  with  a  given  load  of 
instruments  (or  specified  resistance  and  reactance)  connected  to  the 
secondary,  at  five  values  of  primary  current,  viz.,  10  per  cent,  20  per 
cent.  40  per  cent,  60  per  cent,  and  full  load,  unless  otherwise  ordered; 
secondary  full  load  current  not  exceeding   10  amperes: 

(a)  Primary  current  not  exceeding  50  amperes,  tested  at 

one  frequency,  using  currents  of  approximately  sine 

wave    form $3.00 

(b)  Exceeding  50  amperes  and  not  exceeding  250  amperes, 

tested    as    above 4.00 

(c)  Exceeding   250   amperes   and    not    exceeding    500   am- 

peres, tested  as  above 5.00 

(d)  Exceeding  500  amperes  and  not   exceeding   1,000  am- 

peres,   tested    as    above 8.00 

(e)  Each    additional    current    above    five   will    be    charged 

one-tenth  of  the  base  fee. 

(f)  For  each  additional  frequency  at  which  a  test  is  made 

at  five  currents,  the  additional  fee  will  be  one-half 
of   the   base   fee. 

(g)  For  each   additional   secondary   load    (of   instruments, 

or  specified  resistance  and  reactance)  at  which  a 
test  at  one  frequency  is  to  be  made  with  five  'values 
of  primary  current,  the  additional  fee  will  be  one- 
half  the  base  fee. 

(h)  For  the  determination  of  the  phase  angle  between 
primary  and  secondary  currents,  in  addition  to  the 
ratio,  for  five  values  of  primary  current  as  above, 
the  additional  fee  will  be  one-half  the  base  fee  as 
given  above. 

(i)*  Each  additional  transformer  after  the  first,  to  be 
tested  at  the  same  time  and  through  the  same  range. 

*  This  one-half  rate  applies  only  to  the  regular  test  with  five  values  of  primary  current; 
each  additional  current  above  five,  for  the  additional  transformer,  will  be  charged  one-tenth 
of  the  base  fee  as  i^ven  in  the  schedules. 
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will   be   charged   one-half  of   the   base   fee   as   given 
above. 

VOLTAGE   TRANSFORMERS 

Test  for  ratio  of  transformation  (quotient  of  primary  or'  high- 
tension,  applied  voltage  divided  by  secondary  or  low-tension,  termi- 
nal voltage)  with  a  given  high-tension  voltage,  and  five  values  of 
secondary  load,  namely,  no  load,  50  per  cent,  and  full  load,  unity 
power-factor ;  50  per  cent  and  full  volt-amperes  ^  approximately  20 
per  cent  power-factor,  unless  otherwise  ordered. 

(a)  Primary    voltage    not    exceeding   300   volts,    tested    at 

one    frequency,    using    electromotive    forces    of    ap- 
proximately sine   wave  form $3.00 

(b)  Exceeding  300  volts  and  not  exceeding  750,  tested  as 

above    4.00 

(c)  Exceeding   750  volts  and   not   exceeding    1,500,   tested 

as  /ibove    5.00 

(d)  Exceeding  1,500  volts  and  not  exceeding  3,000,  tested 

as    above    7.00 

(e)  Exceeding  3,000  volts  and  not  exceeding  7,000,  tested 

as   above    i-o.oo 

(f)  Exceeding  7,000  volts  and  not  exceeding  12,000,  tested 

as   above    1 5.00 

(g)  Exceeding    12,000    volts    and     not     exceeding     17,000, 

tested   as   above    20.00 

(h)  For  each  additional  frequency  at  which  a  test  is  made 
at  five  loads,  the  additional  fee  will  be  one-half  the 
base  fee. 

(i)2  Each  additional  load  above  five  will  be  charged  one- 
tenth  of  the  base  fee. 

(j)  For  each  additional  primary  voltage  at  which  a  test  at 
one  frequency  is  to  be  made  with  five  values  of  sec- 
ondary load,  the  additional  fee  will  be  one-half  the 
base  fee. 

(k)  For  the  determination  of  the  phase  angle  between  pri- 
mary   and    secondary    voltages,    in    addition    to    the 

»  When  the  rated  capacity  of  the  transformer  exceeds  25  watts,  the  test  at  20  per  cent 
power-factor  will  be  made  at  12.5  and  25  volt-amperes. 

*  These  fees  are  based  on  a  moderate  range  of  frequency.  Tests  at  extreme  frequencies  will 
be  subject  to  a  special  extra  charge,  and  should  always  be  arranged  for  in  advance  of  shipment 
of  the  apparatus. 
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ratio,  for  five  values  of  secondary  load  as  above, 
the  additional  fee  will  be  one-half  the  base  fee  as 
given  above. 
(I)^  Each  additional  transformer  after  the  first,  to  be 
tested  at  the  same  time  and  through  the  same  range, 
will  be  charged  one-half  of  the  above  fees. 


Instrument  Maintenance. 

[n  addition  to  the  check  when  an  instrument  is  purchased,  stand- 
ard cells,  standard  resistances,  potentiometers  and  transformers 
should  be  tested  if  anything  in  their  performance  raises  a  doubt  as 
to  the  accuracy  of  the  results  being  obtained. 

The  best  results  in  instrument  maintenance  are  obtained  where 
the  testing  is  done  in  a  systematic  manner,  and  with  careful  atten- 
tion to  detail. 

The  standard  cells  should  be  intercomparcd  weekly,  and  at  least 
one  of  them  should  be  sent  semi-annually  to  a  standardizing  labora- 
tory for  verification.  The  working  standard  resistances  should  be 
checked  against  the  reference  standard  resistances  at  least  semi- 
annually, but,  whenever  a  standard  resistance  is  suspected  of  having 
received  an  overload  of  current,  or  has  been  subjected  to  mechanical 
injury,  it  should  be  checked  immediately. 

Two  standard  resistances  of  the  same  nominal  value  can  be  com- 
pared by  putting  them  in  series,  passing  a  constant  current  through 
them,  and  measuring  in  quick  succession  the  fall  of  potential  across 
each,  using  a  potentiometer  and  a  throw-over  switch.  The  refer- 
ence standards  of  resistance  should  be  verified  by  a  standardizing 
laboratory  at  least  once  every  two  years. 

The  various  coils  of  the  potentiometer  should  be  checked  against 
each  other  at  least  once  a  year,  and  the  volt  box  should  be  checked  at 
least  once  each  month.  The  ratios  of  the  resistances  of  the  various  steps 
in  the  volt  box  may  be  determined  by  passing  a  constant  current  through 
all  of  the  coils,  and  measuring  the  fall  of  potential  across  each  step  by 
means  of  the  potentiometer.  Care  must  be  taken  not  to.  exceed  the 
capacity  of  the  potentiometer.  Where  a  standard  resistance  of  one  thou- 
sand ohms  or  so  is  available,  the  coils  of  the  volt  box  may  be  checked 
by  direct  comparison  with  it  in  the  manner  indicated  above. 

*  This  one-half  rate  applies  only  to  the  regular  test  with  five  values  of  secondary  load;  each 
additional  secondary  load  above  five,  for  the  additional  transformer  will  be  charged  one-tenth 
of  the  base  fee  as  given  in  the  schedules. 
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Measurements  with  an  accurate  Wheatstone  bridge  will  detect  errors 
in  ratio  which  are  in  excess  of  o.i  per  cent. 

Instruments  employed  as  secondary  standards  should  be  set  up  perma- 
nently and  placed  in  the  care  of  a  competent  instrument  man,  who  should 
be  held  responsible  for  their  accuracy. 

The  secondary  standards  should  be  compared  with  the  primary 
standards  at  least  once  every  two  weeks.  The  comparison  should 
consist  of  a  verification  of  the  zero  and  a  check  at  one  point  above  half 
scale  on  every  range  of  the  instrument.  A  complete  check  throughout  the 
working  range  should  be  made  at  least  every  three  months  and  in  addi- 
tion, whenever  an  appreciable  change  is  found  between  the  results  of 
successive  bi-weekly  checks. 

All  indicating  instruments  used  as  working  standards  should  be 
checked  at  least  once  every  two  weeks.  Each  check  should  consist 
of  the  verification  of  the  zero  and  a  check  at  any  point  between  two- 
thirds  and  full  scale.  Once  every  two  months,  a  complete  check  at  all 
cardinal  points  should  be  made,  and  the  results  plotted  on  a  calibration 
curve  which  should  accompany  the  instrument. 

When  the  weekly  check  indicates  a  deviation  greater  than  0.5  per 
cent  from  the  previous  calibration,  or  an  error  of  i  per  cent  in  its 
indication,  the  instrument  should  be  repaired   and  recalibrated. 

Indicating  instruments  used  in  outside  testing,  or  in  testing  watt- 
hour  meters  in  the  laboratory,  should  be  checked  directly  against 
the  secondary  standards.  Checks  of  calibrated  resistances  should 
consist  of  a  determination  of  the  current  taken  by  each  unit  at  the 
normal  voltage  of  the  system,  and  should  be  made  weekly.  Checks 
of  rotating  standards  used  in  making  service  tests  should  be  made 
at  sufficiently  frequent  intervals  to  insure  that  the  variations  of  their 
accuracy  do  not  exceed  the  tolerated  tesing  errors  in  making  service 
tests  of  watt-hour  meters. 

All  checks  should  be  recorded. 

Any  piece  of  apparatus  showing  an  excessive  variation  between  suc- 
cessive tests  bhould  be  subjected  to  a  special  investigation  to  ascertain 
the  cause.  If  the  cause  of  the  variation  cannot  be  removed,  the  apparatus 
should  be  abandoned. 

Stop  watches  should  be  checked  daily  by  comparison  with  the  mas- 
ter standard  of  time. 

The  use  of  corrections  to  working  instruments  may  be  avoided 
by  maintaining  the  instruments  practically  correct  at  all  point  ;^ 
throughout  the  range  in  which  they  are  used.  For  a  working  in- 
strument to  be  considered  practically  correct,  its  error  should  not 
exceed  the  value  given  below: 
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Indicating   instrumetils    +  or  —  0.3% 

Rotating    standards    +  or—  0,5% 

Stop  watches   (approximately  o.r   sec,  in  30  see.)...  +  or  —  0.3% 

Standard    resistances    +  or  —  0.3% 

Where  it  is  not  convenient  lo  maintain  the  instriimcnls  within  the 
above  limits,  correction  curves  or  tables  should  be  made  to  accom- 
pany the  instruments,  giving  the  value  of  the  correction  to  be  ap- 
plied at  frequent  points  on  the  scale. 

New  correction  curves  should  be  made  whenever,  in  the  periodic 
checks,  a  change  is  found  from  the  previous  curve. 

Corrections  should  be  reported  only  to  a  degree  of  accuracy  cor- 
responding to  that  with  which  the  scale  of  the  instrument  may  be   read. 

The   form   used   for   the  correction   certificates   should   be   designed 

SCALE  CORRECTION  FOR  INST.  NO 


with  a  view  to  ease  in  use  and  the  avoidance  of  confusion  as  to  the 
sign  of  the  correction.  The  accompanying  form  is  recommended  for 
this  purpose  (Fig.  217). 

Indicating  instniroentB  are  lie>^t  calibrated  by  connecting  (hem  in 
circuit  with  secondary  standards,  obtaining  a  given  deflection  on  the 
instrument  under  test,  and  determining  the  corresponding  true  value 
by  means  of  the  standards.  The  correction  to  be  applied  to  the 
instrument  reading  is  then  determined  by  reference  to  the  cor- 
rected indication  of  the  standard.  In  the  case  oF  instruments  of  the 
electrodynamometer  type,  which  may  be  calibrated  on  continuous 
current,  readings  reversing  the  direction  of  the  voltage  and  current 
through  the  instrument  should  be  taken  to  eliminate  the  effect  of 
the  earth's  field.  The  true  value  is  the  average  of  the  direct  and 
reversed   readings. 

Where  only  a   small   number  of  instruments  are   to  be   checke<! 
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they  may  be  compared  directly  with  a  potentiometer,  thus  doing 
away  with  the  secondary  standard  instruments  and  reducing  the 
opportunity  for  error.  The  best  forms  of  modern  potentiometers 
are  quick  and  convenient  in  operation,  and  the  additional  time  con- 
sumed will  be  small. 

Where  a  Wheatstonc  bridge  is  available,  measurements  should  be 
made  of  the  resistance  of  voltmeters,  potential  circuits  of  watt- 
meters, multipliers,  etc.,  at  the  time  these  instruments  are  received 
from  the  maker.  These  values  should  be  recorded  and  when  in- 
struments are  brought  in  later  for  check  the  resistance  measure- 
ments should  be  repeated.  Often  a  defective  contact  in  a  key  or  a 
loose  wire  connection  will  be  found  by  the  bridge  measurement  be- 
fore the  trouble  becomes  great  enough  to  be  detected  in  service. 

The  accuracy  of  rotating  standards  is  determined  by  comparison 
with  indicating  instruments.  The  same  methods  may  be  used  for 
testing  watt-hour  meters  in  service.  Under  laboratory  conditions, 
however,  where  steady  loads  and  better  general  conditions  are  ob- 
tained, the  accuracy  of  the  test  should  be  much  greater  than  in  cor- 
responding tests  on  meters  in  service. 

Rotating  standards  should  be  checked  in  the  same  manner  as 
they  are  used;  that  is,  starting  and  stopping  them  at  the  beginning 
and  end  of  a  definite  period  of  time,  by  means  of  a  switch  in  the 
potential  circuit. 

In  cases  where  the  Philadelphia  Electric  method  of  testing  is  used, 
the  standards  should  be  run  continuously,  and  the  number  of  revo- 
lutions timed.  Where  the  standard  is  started  and  stopped,  a  special 
device  for  automatically  closing  the  starting  circuit  for  a  predeter- 
mined time  is  advantageous.  One  form  of  apparatus  for  this  pur- 
pose is  illustrated  in  Fig.  203.  Rotating  standards  should  be  tested  on  one 
combination  at  least  once  a  week.  A  test  should  be  made  monthly  on 
each  of  different  currents  and  potential  coils.  Care  should  be  taken  to 
test  alternating  current  standards  on  the  same  wave  form  as  that  im- 
pressed on  the  system.  A  quite  different  wave  form  might  be  obtained 
from  a  motor  generator  used  for  testing  purposes  than  is  impressed  upon 
a  system.  The  standard  should  not  deviate  from  100  per  cent  more  than 
0.5  per  cent.  If  it  does,  the  error  should  be  known  and  proper  correction 
applied.    , 

Polyphase  indicating  wattmeters  and  rotating  standards  should  be 
investigated  for  the  effect  of  interference  between  the  elements. 
Where  the  difference  between  the  accuracy  of  the  instruments  as 
checked  on  single-phase  and  the  accuracy  as  checked  on  polyphase 
does  not  exceed  0.5  per  cent,  the  standards  may  be  calibrated  on  a 
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single-phase  circuit.  If  the  diflFerence  between  the  accuracies  on 
single-phase  and  polyphase  exceeds  0.5  per  cent  at  any  point  in  the 
working  range,  the  standards  should  be  calibrated  with  a  polyphase 
load  of  the  same  number  of  phases  as  that  on  which  they  are  used 
in  service.  The  secondary  standards  used  should  consist  of  two 
single-phase  indicating  wattmeters,  one  corresponding  to  each  ele- 
ment of  the  polyphase  standard. 

Where  the  "  phase  rotation "  or  order  of  the  phases  in  service 
differs  from  that  employed  in  test,  an  interference  error  may  occur 
even  when  the  standards  are  calibrated  on  a  polyphase  load.  The 
effect  should,  therefore,  be  investigated,  and  the  standards,  showing 
a  difference  of  more  than  0.5  per  cent  when  the  pliases  are  inter- 
changed, should  be  discarded. 

Calibrated  resistances  are  checked  on  continuous  current  by  con- 
necting in  series  with  a  standard  ammeter,  and  measuring  the  cur- 
rent taken  at  the  normal  voltage  of  the  system. 

If  a  voltmeter  is  connected  directly  across  the  resistance,  its  cur- 
rent passes  through  the  ammeter  and  should  be  corrected  for.  When 
the  combined  drop  in  the  ammeter  and  in  the  leads  connecting  be- 
tween it  and  the  calibrated  resistance  does  not  exceed  o.i  per  cent 
of  the  line  voltage,  the  voltmeter  current  may  be  eliminated  by 
connecting  the  voltmeter  back  of  the  ammeter.  Calibrated  resist- 
ances for  alternating  current  testing  must — unless  they  are  strictly 
non-inductive — be  checked  on  alternating  current  of  the  proper  fre- 
quency against  a  standard  wattmeter. 

Sources  of  Error. 

An  important  matter  in  connection  with  the  use  of  electrical  in- 
struments is  the  question  of  the  sources  of  error  and  the  best  means 
of  securing  a  required  degree  of  accuracy  from  a  given  set  of  instru- 
ments. It  may  be  stated  that,  in  many  cases,  the  user  underesti- 
mates the  error  and  overestimates  the  accuracy  of  the  result.  Porta- 
ble instruments  are  sometimes  used  in  places,  subject  to  strong  stray 
fields  or  extreme  temperatures;  subsequent  comparison  with  stand- 
ards in  the  laboratory  may  show  that  the  working  instruments  have 
small  errors,  while  their  performance  under  the  unfavorable  condi- 
tions may  have  been  in  error  to  the  extent  of  5  per  cent  or  more. 

Under  the  head  of  inherent  errors  may  be  noted  those  due  to  the 
effect  of  change  of  temperature. 

In  continuous  current  indicating  instruments,  tlic  temperature  co- 
*?fficient  of  the  voltmeter  is  a  summation   effect   of  the  temperature 
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coefficients,  of  the  strength  of  the  magnets  and  springs,  and  the  re- 
sistance of  the  coils.  In  ammeters,  there  is  the  added  effect  of  the 
change  in  resistance  of  the  shunts.  In  voltmeters,  the  principal 
changes  are  those  due  to  the  magnets  and  springs,  since  the  resist- 
ance in  series  with  the  movable  coil  is  of  negligible  temperature 
coefficient.  The  springs  have  a  negative  temperature  coefficient  of 
about  0.04  per  cent  per  degree  C;  that  is,  they  are  weaker  at  higher 
temperatures.  The  temperature  coefficient  of  the  magnets  may  be 
plus  or  minus;  but  it  is  usually  of  the  same  order  and  sign  as  that 
of  the  springs,  that  is  to  say,  the  magnetic  field  is  weaker  at  higher 
temperatures. 

Ammeters  usually  have  a  much  larger  temperature  coefficient  than 
voltmeters.  This  is  due  largely  to  the  millivoltmeters,  which  have 
a  low  resistance,  a  considerable  proportion  of  which  is  copper.  Con- 
sequently they  have  a  high  temperature  coefficient.  It  is  not  feasible 
to  wind  the  moving  coil  with  manganin  wire  as  the  resistance  would 
be  too  high  to  work  on  the  available  millivolt  drop  of  the  shunts 
unless  the  design  were  so  changed  that  more  wire  could  be  wound 
upon  it.  While  it  could  be  made  to  work  in  this  way,  the  movable 
element  would  be  too  heavy  for  good  performance.  The  tempera- 
ture coefficient  may  be  greatly  reduced  by  using  larger  shunts,  giving 
a  higher  drop,  say  200  millivolts;  this  allows  the  use  of  manganin  wire 
in  series  with  the  copper  coil. 

In  connection  with  the  question  of  temperature  errors  of  millivolt- 
meters,  that  due  to  heating  of  the  shunts  is  very  important.  In  addi- 
tion to  changes  in  resistance  due  to  temperature  variation,  thermo- 
electric effects  may  produce  considerable  error. 

Errors  due  to  thermoelectric  effect  may  be  observed  by  passing 
current  through  the  shunt  until  it  has  assumed  working  temperature; 
upon  opening  the  circuit,  the  millivoltmeter  will  indicate  a  small 
current. 

This  effect  will  be  produced  by  any  condition  which  occasions 
unequal  heating  of  the  ends  of  the  shunt,  such  as  a  bad  contact  at 
one  end  or  a  difference  in  the  size  of  the  conductors  connected  to 
the  shunt. 

In  the  electromagnetic  (soft-iron)  ammeter,  with  spring  control, 
an  increase  of  temperature  lowers  the  permeability  of  the  iron,  but 
also  reduces  the  strength  of  the  spring  in  nearly  the  same  amount; 
hence  these  ammeters  are  very  nearly  independent  of  ordinary  tem- 
perature changes.  In  the  electrodynamometer  instrument,  the  only 
clement  of  importance,  in  respect  to  temperature  coefficient,  is  the 
controlling  spring;   as   there  is   nothing  of  any  consequence  to  bal- 
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ancc  it,  such  instruments  will  read  too  low  at  temperatures  below 
that  at  which  they  are  correct,  the  temperature  correction  being 
about  0.04  per  cent  per  degree  C.  This  assumes  that  potential 
circuits  contain  so  small  a  percentage  of  copper  that  their  change 
of  resistance  with  temperature  does  not  sensibly  affect  the  result. 
For  ordinary  voltage  ranges  this  is  the  case. 

In  the  soft-iron  voltmeter  the  temperature  coefficient  depends 
mainly  upon  the  ratio  of  the  resistance  of  the  copper  coil  to  the 
total  resistance  of  the  instrument.  This  ratio  is  a  question  of  design, 
depending  upon  the  range  of  the  instrument  and  the  amount  of 
power  spent  in  it.  The  temperature  coefficient  of  well-made  voltme- 
ters of  this  type,  for  the  usual  commercial  voltages,  is  quite  small, 
and  for  practical  work  need  not  be  taken  into  account,  except  in 
extreme  cases. 

In  the  commutator  type  of  rotating  standards,  temperature  effects 
are  of  great  importance.  The  disk  being  of  aluminum  has  a  large 
temperature  coefficient  of  resistance  and  means  must  be  provided  to 
compensate  for  the  resultant  variations  in  drag. 

In  a  standard,  whose  potential  circuit  has  a  temperature  coefficient 
equal  to  that  in  the  disk,  the  effects  of  variations  in  room  tempera- 
ture are  eliminated,  since  the  temperature  coefficient  of  the  potential 
circuit  compensates  for  the  temperature  coefficient  of  the  disk.  The 
potential  circuit  is,  however,  heated  by  -the  current  passing  through 
it  and  therefore  will  not  come  to  a  constant  temperature  until  volt- 
age has  been  applied  for  some  time.  Any  test  made  before  the 
potential  circuit  has  reached  a  constant  temperature  will  be  in  error. 
In  the  types  of  standards  in  use  at  present,  the  time  required  is  about 
20  minutes  at  normal  voltage. 

To  save  time,  the  heating  of  the  potential  circuit  may  be  hastened 
on  three-wire  circuits  by  applying  double  voltage  for  a  shorter  period 
of  time.  This  period  should  be  definitely  determined  for  each  type 
of  standard,  since,  if  it  is  exceeded,  overheating  will  occur,  resulting 
in  an  error  in  the  opposite  direction. 

Some  types  of  rotating  standards  have  connections  whereby  the 
voltage  circuit  is  split  in  two  parts,  which  are  connected  in  parallel 
on  normal  voltage,  so  that  the  equivalent  of  double  voltage  heating 
may  be  obtained  on  a  two-wire  circuit. 

Where  the  time  between  successive  tests  in  service  is  so  short 
that  the  voltage  coil  does  not  in  the  meantime  cool  to  the  tempera- 
ture of  the  rest  of  the  standard,  overheating  may  result  from  apply- 
ing double  voltage  for  the  full  time,  and  it  is  advisable  in  such  cases 
to  reduce  the  time  of  heating.  ^^ 
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Induction  rotating  standards  are  practically  free  from  heating 
effects. 

Errors  due  to  changes  of  room  temperatures  are  usually  only  tem- 
porary, unless  the  instrument  has  been  subjected  to  very  abnormal 
temperatures.  Another  source  of  error  is  change  with  time  and  use. 
Permanent  magnets  of  the  best  makes  will  occasionally  show 
changes  with  time.  When  the  instrument  is  new,  the  magnet  may 
increase  in  strength;  later  it  is  more  likely  to  decrease.  Controlling 
springs  also  show  slight  changes  with  time.  If  magnet  and  springs 
weaken  to  the  same  extent  in  a  continuous  current  instrument,  the 
accuracy  is  unaffected.  Where  continuous  current  instruments  are 
used  in  the  neighborhood  of  dynamos  or  motors,  or  in  other  loca- 
tions subject  to  strong  stray  field  (for  example,  near  heavy  con- 
•ductors),  their  indications  will  be  considerably  affected  at  the  time 
of  the  use,  and  in  addition,  permanent  change  of  the  magnets  may 
occur.  Switchboard  instruments  are  liable  to  exposure  to  stray 
^fields,  and  should  be  shielded  against  them.  The  iron  case  very 
generally  used  for  such  instruments  affords  considerable  protection, 
but  in  addition,  it  is  best  to  keep  heavy  currents  well  away  from 
the  instruments,  and  as  a  further  precaution,  important  instruments 
(watt-hour  meters  and  voltmeters,  for  example)  should  be  checked 
in  position,  under  working  conditions.  Care  must  be  taken  that  the 
portable  instruments  used  rn  this  checking  are  in  a  location  not 
exposed  to  stray  fields;  if  this  is  impossible,  the  mean  of  two  read- 
ings should  be  taken;  for  the  second  reading  the  instrument  is 
turned  180  degrees  from  its  first  position. 

Continuous  current  rotating  standards  are  affected  in  a  manner 
similar  to  continuous  current  instruments.  They  should  be  always 
set  up  with  the  plane  of  their  current  coils  parallel  to  the  line  of 
force  of  the  stray  fields. 

Alternating  current  rotating  standards  of  the  induction  type  are 
very  little  affected  by  stray  fields,  since  only  alternating  fields  at  the 
same  frequency  of  the  circuit  can  affect  these   instruments. 

Under  the  head  of  inherent  errors  of  a  mechanical  nature  may  be 
mentioned  the  friction  of  pivots,  defective  performance  of  springs, 
error  of  marking  the  scale,  and  lack  of  balance  of  the  moving  coil. 
The  friction  of  pivots  should  not  be  noticeable  in  a  good  instrument, 
unless  it  is  old  or  has  been  roughly  handled.  Good  performance  in 
this  respect  requires  not  only  good  workmanship  in  the  pivots  and 
jewels,  but  also  good  design.  It  is  evident  that  friction  cannot  be 
entirely  df)nc  away  with,  and  hence  a  spring  should  be  provided 
which  is  strong  enough  to  cause  the  coil  to  take  up  its  proper  post- 


LABORATORY,   STANDARDS   AND   INSTRUMENTS      277 

tion  within  the  error  of  reading  the  position  of  the  indicator  on  the 
scale.  It  is  desirable,  in  all  electrical  measuring  instruments,  to  keep 
the  ratio  of  torque  to  weight  of  movable  element  as  high  as  possible. 
It  should  be  noted  that  an  instrument  with  a  very  high  torque  may 
really  be  a  poor  instrument,  if  the  high  torque  is  obtained  by  using 
an  excessively  heavy  moving  system. 

Another  source  of  error  is  that  of  zero  shift.  This  is  only  tempo- 
rary and  gradually  disappears.  It  is  usually  manifested  in  the  case  of 
indicating  instruments  under  the  following  conditions:  Suppose  that  the 
index  stands  exactly  at  zero  with  no  current  flowing,  after  a  day  or 
two  of  rest.  If  current  or  voltage  be  applied  so  as  to  give  full  scale  de- 
flection, and  this  is  maintained  for  a  short  time  only,  the  indicator  will  usu- 
ally return  to  zero  within  the  limit  of  reading.  If  full  scale  deflection  is 
maintained  for  an  hour,  it  is  quite  likely  that  on  breaking  the  circuit,  the 
indicator  will  not  return  exactly  to  zero;  if  the  full  scale  deflection  lasts 
several  hours,  the  discrepancy  will  be  still  greater. 

The  amount  of  this  shift  varies  in  different  classes  of  instruments,  and 
in  different  individuals  of  the  same  class.  In  first-class  voltmeters  it 
should  be  just  noticeable;  in  millivoltmeters,  as  a  rule,  it  is  considerably 
greater,  although  occasionally  a  millivoltmeter  will  show  a  very  good 
performance  in  this  respect.  The  effect  of  zero  shift  upon  the  reading 
is  greatest  when  an  instrument  is  used  for  a  small  deflection  after  i^  has 
sustained  a  large  deflection  for  a  considerable  time.  The  reason  for  the 
poorer  performance  of  millivoltmeters  lies  in  the  necessity  of  using 
springs  which  approach  pure  copper  in  electrical  qualities ;  this  causes 
the  mechanical  properties  also  to  approach  those  of  copper.  For  the 
voltmeters  no  such  limitation  exists,  and  the  springs  are  usually  of 
bronze  which  has  the  most  suitable  mechanical  qualities,  regardless  of  its 
specific  resistance. 

The  zero  performance  of  a  spring  depends  on  its  design  as  well ;  it  is 
evident  that  there  is  an  elastic  limit  for  any  spring,  and  that  the  thickness 
and  length  of  the  spring  will  determine  this  limit  for  springs  of  a  giveh 
material. 

It  has  often  been  assumed  that  the  torque  of  a  spiral  spring  is  ex- 
actly proportional  to  the  angle  of  twist;  hence  in  testing  instruments  such 
as  the  Siemens  dynamometer,  the  "  constant "  of  the  instrument  was  de- 
termined for  one  value  of  current,  and  assumed  to  hold  for  any  other 
value;  or  it  was  taken  as  the  mean  of  several  determinations  with  differ- 
ent currents.  This  assumption  is  incorrect,  and  may  lead  to  errors  of 
I  per  cent  or  more.  In  the  ordinary  direct  reading  instrument  this 
variation  docs  not  appear  if  the  scale  is  properly  graduated.  However,  if 
by  accident  the  spring  should  be  thrown  out  of  its  original  shape. 
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the  scale  will  not  longer  be  correct,  even  though  by  shifting  the 
spring  holder  the  indicator  be  brought  back  to  zero. 

The  question  of  zero  errors  and  how  to  correct  them  is  of  fre- 
quent occurrence.  Sooner  or  later  the  indicator  of  nearly  every  meter 
fails  to  indicate  zero  at  zero  load.  The  exact  reason  is  not  always 
apparent.  It  may  be  known  that  the  error  appeared  immediately 
after  a  short  circuit  or  after  the  meter  was  dropped  to  the  floor, 
but  that  information  would  not  show  whether  the  spring  had  changed 
its  shape,  the  indicator  had  been  bent,  some  part  of  the  movement 
slipped,  or  one  or  more  of  a  number  of  other  possible  disarrange- 
ments had  happened.  A  rather  common  source  of  error  at  zero  as 
well  as  at  other  readings  is  a  fine  springy  piece  of  lint  resting  on  a 
fixed  part  and  pressing  lightly  against  the  movable  part  in  such  a 
way  as  to  cause  friction  by  acting  as  a  little  additional  spring. 

To  add,  algebraically,  the  zero  error  to  the  observed  reading  sel- 
dom gives  exactly  correct  results.  Sometimes  it  introduces  a  greater 
error  than  if  no  correction  had  been  attempted. 

In  many  instances  where  the  zero  reading  has  changed  quite 
appreciably,  there  is  no  difference  in  the  calibration  of  the  instrument 
at  points  above  one-fourth  scale  reading.  There  rarely  is  a  uniform 
change  throughout  the  scale.  As  a  general  thing,  it  is  safer  to  reset 
the  zero  reading  or  to  assume  that  the  zero  error  has  not  changed 
the  calibration  at  the  upper  part  of  the  scale  than  to  attempt 
to  correct  for  it.  Indiscriminate  resetting  of  the  zero  reading;^ 
by  means  of  the  usual  spring-adjustment  is  not  to  be  recom- 
mended. If  the  error  has  been  caused  by  bending  the  indicator  it  is 
better  to  bend  it  back  again,  even  though  the  displacement  was  slight. 
If  this  is  not  done  the  relative  positions  of  the  fixed  and  movable 
elements  of  the  meter  will  not  be  the  same  for  any  given  reading 
as  they  were  when  it  was  first  calibrated.  The  effect  of  this  is 
most  noticeable  in  those  instruments  which  are  direct-reading  and 
do  not  have  uniform  scales.  When  recalibrated,  the  readings  on  the 
scale  will  be  found  to  follow  no  uniform  law.  The  reading  at  one 
point  may  be  too  high  and  those  a  short  distance  on  either  side  of  it 
too  low.  Such  irregularities  make  the  correction  of  a  set  of  instru- 
ment readings  more  laborious  than  it  would  be  if  all  readings  were 
a  certain  percentage  high  or  low. 

At  one  time  instrument  scales  were  engraved,  or  printed,  on  the 
assumption  of  a  particular  law;  the  instrument  was  then  adjusted 
by  trial  to  make  it  fit  the  scale  as  closely  as  possible.  While  this  is 
probably  done  at  the  present  time*  for  instruments  of  lower  grades, 
it  is  recognized  that  a  good  instrument  should  have  a  scale  gradu- 
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ated  to  fit  it.  It  is  not  necessary,  of  course,  to  determine  every  scale 
division  by  test,  especially  in  continuous  current  instruments  with 
nearly  uniform  scales.  It  is  usually  considered  sufficient  to  determine 
say  ten  or  fifteen  points  by  actual  test;  intermediate  points  are  filled 
in,  sometimes  by  hand,  preferably  by  a  mechanical  method.  While 
for  ordinary  purposes  it  is  sufficient  to  check  an  instrument  at 
say,  five  points,  for  the  most  careful  work  this  is  not  sufficient, 
and  points  much  closer  together  should  be  taken.  The  simple 
removal  and  replacement  of  the  pole  pieces  of  a  continuous  current 
instrument — in  fact,  even  the  tightening  of  the  screws  that  hold 
the  pole  pieces — will  affect  the  distribution  of  the  magnetic  flux 
so  that  a  scale  which  fitted  the  instrument  before  the  operation 
will  show  appreciable  errors  thereafter.  It  may  be  seen  from  this, 
and  the  fact  above  noted  in  regard  to  deformations  of  the  spring, 
that  any  mechanical  change,  adjustment,  or  accident  to  an  in- 
strument should  be  followed  by  a  test.  As  to  initial  accuracy  of 
scale,  some  makers  claim  to  make  their  portable  continuous  current 
instruments  correct  to  within  o.i  division.  It  is  probable  that  this 
represents  the  limit  of  possible  accuracy  of  the  scale  when  the  great- 
est care  is  taken.  No  such  accuracy  is  attained  in  the  average 
product. 

Another  mechanical  source  of  error  is  the  imperfect  balancing  of 
the  movable  system.  This  may  be  detected  by  holding  the  instru- 
ment in  various  positions,  with  no  current  flowing  through  it.  A 
portable  continuous  current  voltmeter  examined  in  this  way  will  show 
a  change  of  zero  reading  of  not  more  than  a  few  tenths  of  a  scale 
division  if  in  good  balance;  millivoltmeters,  wattmeters,  and  alternat- 
ing current  instruments,  all  of  which  usually  have  a  smaller  ratio 
of  torque  to  weight  than  the  continuous  current  voltmeter,  may  show  as 
much  as  one  division.  If  an  instrument  shows  considerable  varia- 
tion of  zero  reading,  when  examined  as  above,  care  should  be  taken 
to  have  it  on  a  level  support  when  in  use  as  well  as  when  it  is  tested. 
At  a  convenient  opportunity  the  instrument  should  be  put  in  order. 

The 'preceding  errors  are  inherent  in  the  instrument;  another  and 
important  class  may  be  designated  as  external  errors,  or  errors  due 
to  the  method  of  use.  Assuming  that  an  instrument  is  well 
designed,  and  has  no  errors  due  to  heating  produced  by  the  current, 
it  is  still  possible  for  errors  to  occur.  One  of  the  most  common 
causes  is  the  stray  field  from  other  instruments,  from  conductors 
carrying  heavy  currents,  or  from  dynamos  or  motors;  even  non- 
magnetized  masses  of  iron  may  affect  the  flux  in  the  instrument;  ,  If 
possible,  it  is  well  to  avoid  using  the  instruments  in  exposed  loca- 
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tions;  if  circumstances  compel  the  making  of  tests  in  places  subject 
to  strong  stray  field,  the  instrument  may  be  read,  then  quickly  turned 
i8o  degrees  and  read  again;  by  repeating  this  process  several  times 
an  idea  may  be  had  of  the  extent  of  which  the  instrument  reading 
is  affected.  The  effect  of  stray  field  depends  on  the  nature  of  the 
field  and  the  design  of  the  instrument.  Consider  the  case  of  a  stray 
field  due  to  a  heavy  continuous  current;  in  this  field  is  a  continuous 
current  instrument  of  the  permanent  magnet,  moving  coil  type.  The 
effect  of  the  stray  field  is  to  change  the  strength  of  the  field  in  which 
the  coil  moves;  the  distribution  of  this  latter  field  is  not  perceptibly 
changed.  Hence  if  the  amount  of  the  error  is  determined  as  above, 
it  may  be  allowed  for  by  a  percentage  correction  for  readings  on  any 
part  of  the  scale  so  long  as  the  disturbing  stray  field  is  constant 
in  amount  and  direction. 

With  other  forms  of  instrument  the  case  is  quite  different.  Take 
the  case  of  an  electrodynamometer  voltmeter,  as  used  for  alternat- 
ing current,  and  assume  the  usual  case  of  the  moving  coil  turning 
through  approximately  90  degrees  for  full-scale  deflection.  A  posi- 
tion of  the  instrument  can  be  found  such  that  the  stray  field  pro- 
duces no  effect  for  a  given  position  of  the  moving  coil  and  there  is 
no  torque  between  it  and  the  stray  field.  As  the  coil  moves  out  of 
this  position,  an  increasing  effect  of  the  stray  field  may  be  noted. 
With  even  a  weak  field,  such  as  that  due  to  the  earth,  the  effect  on 
an  instrument  of  this  type  is  quite  appreciable,  and  the  usual  method 
of  avoiding  error  in  the  test  of  such  instruments  consists  in  measur- 
ing with  standard  instruments  the  current,  voltage,  or  power  re- 
quired to  bring  the  indicator  of  the  instrument  under  test  to  a  given 
point  on  the  scale.  The  direction  of  current  is  now  reversed  and  a 
second  measurement  made,  with  the  same  reading  of  the  instrument 
under  test.  As  the  effect  of  the  earth's  field  is  of  the  order  of  i  or 
2  per  cent  of  the  maximum  scale  reading,  the  arithmetic  mean  of 
the  two  values  read  from  the  standard  instruments  will  give  the 
value  which  would  be  found  with  no  external  field.  When  such  an 
instrument  is  used  on  alternating  current  circuits,  stray  fields  such 
as  the  earth's,  which  do  not  change  in  direction,  have  no  effect  on 
the  reading.  Here  the  trouble  is  likely  to  come  from  heavy  alter- 
nating currents  of  the  same  (or  nearly  the  same)  frequency  as  those 
in  the  instrument.  This  may  be  avoided  to  a  large  extent  by  run- 
ning all  leads  as  non-inductively  as  possible,  avoiding  loops.  H 
other  sources  of  stray  alternating  flux  exist,  such  as  transformers, 
the  instrument   may   be   turned   through    180   degrees   and   the   effect 
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noted.     Here  also  it  may  be  possible  to  find  a  position  of  the  coil 
such  that  the  stray  field  exerts  no  torque  upon  the  coil. 

Stray  alternating  fields,  if  not  too  strong,  should  have  no  cflEect  on 
a  permanent  magnet  type  of  instrument.  If  the  strength  of  field  ex- 
ceeds a  certain  value,  the  effect  will  be  to  partially  demagnetize  the 
magnet,  making  the  instrument  read  low  at  the  time  and  thereafter 
until  repaired. 

Some  instruments  of  the  electrodynamometer  type  are  made 
astatic,  in  order  to  avoid  error  due  to  stray  field.  This  is  accom- 
plished by  having  two  movable  coils  so  connected  that  a  stray  field, 
if  uniform,  produces  equal  and  opposing  torques  on  the  two  (Fig.' 
147).  If  the  stray  field  has  the  same  value  at  the  two  coils,  no  error 
is  produced.  It  is  not  safe,  however,  to  assume  that  such  instru- 
ments may  be  used  without  error  in  close  proximity  to  heavy  cur- 
rents, as  theory  and  experiment  show  that  appreciable  errors  may 
result.  With  astatic  instruments  the  same  precautions  should  be 
taken  as  for  the  ordinary  form.  The  results  obtained  will  of  course 
be  more  reliable. 

Another  source  of  error  is  that  due  to  electrostatic  action  between 
the  moving  part  of  the  instrument  and  some  fixed  part.  Rubbing  the 
cover  glass  over  the  indicator  will  often  cause  the  indicator  to  move 
from  its  proper  zero  position,  due  to  the  action  of  an  electric  charge 
produced  on  the  glass.  The  remedy  for  this  consists  in  breathing 
on  the  glass,  the  moisture  causing  the  charge  to  disappear.  A 
similar  effect  has  been  noted  when  calibrating  wattmeters  by  the 
method  of  separate  sources  of  current  and  voltage.  When  the 
potential  of  the  fixed  coil  is  appreciably  different  from  that  of  the 
moving  coil,  an  electrostatic  force  is  exerted  between  the  two  which 
may  introduce  errors  into  the  readings.  The  remedy  is  to  arrange 
the  circuits  so  that  the  fixed  coil  and  the  moving  coil  may  be  joined 
together  at  one  point.  This  requires  care  to  avoid  trouble  due  to 
contact  between  the  circuits  at  some  other  point. 

The  error  of  reading  depends  partly  upon  the  construction  of  the 
instrument,  partly  on  the  skill  of  the  obsierver.  Where  accurate 
readings  must  be  taken,  it  is  the  general  custom  to  use  an  indicator 
with  a  flattened  end,  in  connection  with  a  mirror,  to  avoid  parallax 
(Fig.  183).  With  a  well-made  continuous  current  instrument  of  this 
sort,  it  is  possible  for  a  skilled  observer  to  make  a  reading  anywhere 
on  the  scale  to  about  o.i  division  on  the  usual  scale.  This  refers  to 
the  case  of  steady  current  or  voltage;  on  commercial  circuits,  where 
considerable  fluctuations  occur,  the  error  of  reading  will  of  course 
be  greater. 
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The  percentage  of  error  of  reading  of  any  instrument  varies  with  the 
deflection  of  the  instrument,  being  smaller,  the  larger  the  deflection. 
For  example,  an  instrument  has  a  scale  of  loo  equal  divisions,  which 
can  be  read  to  one-tenth  of  a  division.  The  reading  error  at  full  scale 
is  then  o.i  per  cent,  and  at  scale  division  lo  it  is  one  per  cent  (assuming 
a  uniform  scale).  This  emphasizes  the  necessity  of  selecting  such  instru- 
ments in  a  test  that  the  readings  are  well  up  the  scale. 

An  important  error  to  be  avoided  in  reading  is  that  due  to  paral- 
lax, that  is,  the  dependence  of  the  apparent  position  of  the  indicator 
on  the  angle  at  which  the  observer  views  the  scale.  Indicating  in- 
•struments  of  the  best  types  are  provided  with  a  strip  of  mirror  along 
the  edge  of  the  scale  under  the  indicator  (Fig.  183).  When  the  eye  is 
in  such  a  position  that  the  reflection  of  the  indicator  appears  to  be 
behind  the  indicator,  the  line  of  sight  is  perpendicular  to  the  plane 
of  the  scale,  and  the  reading  obtained  represents  the  true  position  of 
the  indicator. 

Parallax  errors  are  also  of  importance  in  stop  watches,  the  second  hand 
of  which  sometimes  does  not  lie  close  to  the  dial  face.  An  error  of  o.  i 
second,  approximately,  equivalent  to  0.3  per  cent  in  a  30-seconds  reading 
is  easily  made  and  larger  errors  may  result  from  carelessness.  Care 
should  be  taken  to  view  the  hand  in  a  direction  perpendicular  to  the  dial 
face.  The  reading  may  be  checked  by  first  holding  the  watch  with  the 
hand  pointing  toward  the  observer  and  repeating  the  reading  with  the  hand 
pointing  away  from  the  observer. 

In  addition  to  the  errors  noted  in  connection  with  rotating  stand- 
ards is  also  that  due  to  inertia  of  moving  element  in  starting  and 
stopping.  These  errors  occur  in  the  potential  switch  method,  but 
are  absent  in  a  method  where  continuous  rotation  is  used.  It  has 
been  discovered  that  the  loss  in  revolutions  in  starting  is  generally 
greater  than  the  gain  in  stopping,  but  this  error  is  small  enough  lo 
be  negligible  in  commercial  meter  testing. 

In  stop  watches,  the  following  are  inherent  sources  in  error. 

When  starting  the  second  hand,  in  some  stop  watches,  it  will  be 
found  that  the  hand  is  either  sluggish,  or  that  it  jumps  ahead  or 
back.  This  error  can  be  detected  by  observation  or  by  checking 
against  a  pendulum  for  4  or  5  seconds. 

If  the  second  hand  is  out  of  center,  there  will  be  an  error  if 
stopped  on  certain  portions  of  the  scale,  while  for  a  complete  revo- 
lution, the  watch  will  be  accurate.  Such  a  stop  watch,  if  used,  should 
be  checked  at  several  points  on  the  scale  and  errors  ascertained  and 
allowed  for  in  the  calculations. 

If  the  scale  is  not  uniformly  divided,  the  errors  will  be  similar  to 
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those  mentioned  under  second  hand  out  of  center  and  should  be 
handled  accordingly. 

If  a  stop  watch  does  not  keep  good  time,  the  per  cent  error  can 
be  figured  by  ascertaining  error  in  minutes  for  a  24-hour  run  and 
dividing  this  by  1,440  (the  number  of  minutes  in  a  day). 

In  the  case  of  calibrated  resistances,  if  the  resistance  material 
has  an  appreciable  temperature  coefficient,  errors  due  to  change  in 
temperature  caused  by  the  flow  of  current  might  be  considerable 
and  indeterminate,  due  to  the  fact  that  the  temperature  would  be  diffi- 
cult to  measure. 

The  constant  heating  and  cooling  of  the  resistance  material  is 
also  liable  to  cause  changes  in  the  resistance.  Then,  too,  as  the 
leads  are  considered  part  of  the  resistance,  a  fault  in  these  may  intro- 
duce serious  errors. 

If  calibrated  resistances  are  to  be  used  for  alternating  current 
testing,  they  must  be  non-inductively  wound,  otherwise  the  wat- 
tages  corresponding  to  the  voltmeter  readings  will  be  low. 

The  matter  of  good  electrical  contact  is  an  important  one  in  con- 
nection with  the  use  of  electrical  instruments.  One  case  in  particu- 
lar is  that  of  the  continuous  current  millivoltmeter  used  with  separate 
shunts  as  an  ammeter.  The  millivoltmeter  is  connected  to  the  shunt 
by  two  leads,  and  in  most  instruments  now  in  use  this  involves  four 
contacts  in  the  instrument's  circuit,  two  at  the  shunt  and  two  at 
the  instrument  binding  posts.  As  the  resistance  of  the  instrument 
is  only  a  few  ohms,  a  corroded  or  dirty  terminal  or  binding  post 
surface  may  introduce  errors  which  amount  to  several  per  cent. 
In  a  voltmeter  of  the  usual  150  volt  range  this  additional  resistance 
would  occasion  no  appreciable  error. 

Precautions. 

Electrical  standards,  in  general,  are  of  delicate  construction,  liable 
to  disarrangement  from  excessive  vibration  or  jars,  and  should, 
therefore,  be  handled  with  extreme  care. 

In  setting  up  the  apparatus  for  test  the  standards  should  be  located 
with  due  attention  to  sufficient  light,  convenience  and  comfort  in 
reading,  steadiness  of  support,  leveling,  avoidance  of  extremes  of 
temperature,  the  influence  of  external  magnetic  fields  and  vibration. 

In  addition  to  the  rules  which  are  given  in  the  following  clauses, 
there  are  certain  particular  precautions  which  should  be  observed  in 
using  each  make  of  instrument.  The  instructions  furnished  by  mak- 
ers should  be  carefully  followed,  and  each  type  should  be  studied 
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to  ascertain  all  its  causes  of  error  and  corresponding  precautions 
should  be  taken  in  its  use. 

In  using  electrical  measuring  instruments,  and  setting  them  up 
for  test,  there  arc  a  number  of  points  to  be  considered  wiiich  are 
often  overlooked^  even  by  those  who  are  more  or  less  familiar  with 
instruments. 

Modern  instruments,  as  a  class,  are  so  designed  and  constructed 
that  they  will  stand  a  great  deal  of  service  under  severe  conditions, 
if  given  proper  care  and  guarded  against  abuse;  and  it  is  certain 
that  the  major  portion  of  defects  which  arise  in  meters  are  the 
result  of  conditions  which  the  user  could  have  guarded  against  had 
he  given  the  matter  a  little  preliminary  thought. 

To  compile  a  complete  list  of  things  to  avoid,  and  other  things 
which  it  is  equally  important  to  do — if  instruments  are  to  be  han- 
dled properly  and  not  subjected  to  abuse — is  a  difficult  matter,  and 
it  is  not  possible  in  a  condensed  form  to  discuss  all  types  of  in- 
struments and  the  conditions  affording  the  most  favorable  operation 
of  each. 

The  following  list  of  precautions,  however,  if  observed,  will  do 
much  to  prevent  damage  to  instruments,  resulting  from  improper 
connections,  or  errors  due  to  the  pre.ence  of  external  influences  tend- 
ing to  affect  their  accuracy. 

Handle  instruments  carefully. 

When  moving  them  around,  be  careful  to  lay  them  down  gently 
to  avoid  damaging  the  fine  points  of  the  pivots  or  the  polished 
surface  of  the  jewels.  A  common  practice  which  is  very  detri- 
mental to  the  pivots  and  jewels  of  instruments,  provided  with  sepa- 
rate carrying  cases,  is  that  of  standing  the  case  with  the  opening 
at  the  top  and  dropping  the  meter  in.  The  proper  way  is,  to  lay 
the  case  on  its  side  and  slide  the  meter  in,  or  to  hold  the  instrument 
in  the  hand,  invert  the  box,  and  place  it  over  the  meter.  Do  not 
remove  the  base  or  cover  from  any  instrument  outside  of  the  labora- 
tory, as,  in  doing  so,  particles  of  dirt  and  lint  are  almost  certain  to 
get  into  the  instrument,  causing  friction  which  several  hours  of  close 
examination  may  be  required  to  detect. 

When  connected  to  the  circuit,  arrange  the  leads  so  that  the  in- 
strument cannot  be  pulled  from  the  table. 

Never  place  the  instrument  on  a  bench  or  other  support  which  is 
subject  to  vibration  from  adjacent  machinery. 

Be  sure  that  the  current  and  potential  are  within  the  range  of  the 
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instrument  about  to  be  used.  A  voltmeter  used  in  measuring  the 
voltage  across  a  highly  inductive  circuit  may  be  damaged  by  the 
inductive  "  kick,"  due  to  the  collapsing  of  the  magnetic  lines  of  force; 
such  condition  would  arise  in  the  case  of  a  continuous  current  volt- 
meter used  in  connection  with  an  ammeter  for  the  measurement  of 
the  resistance  of  a  transformer,  provided  the  circuit  is  broken  before 
the  voltmeter  is  disconnected. 

When  a  wattmeter  potential  circuit  or  a  voltmeter  is  connected 
across  part  of  a  circuit  in  which  the  line  voltage  is  higher  than  the 
maximum  range  of  the  instrument,  it  is  important  that  the  part  of 
the  circuit  between  the  instrument  terminals  should  not  be  broken 
while  the  instrument  is  connected.  To  do  so  would,  in  most  cases, 
place  the  total  line  voltage  .across  the  meter.  Disconnecting  a  series 
instrument  while  the  potential  instruments  are  connected  to  the  line 
side  of  it,  is  a  common  cause  of  such  accidents. 

Never  leave  a  low-reading  voltmeter  connected  to  the  circuit.  It 
is  best  to  keep  voltmeters  disconnected  at  all  times  when  readings 
are  not  being  taken.  Series  instruments  can  be  protected  to  some 
extent  by  having  switches  arranged  to  short  circuit  them,  the  switch 
being  opened  only  when  a  reading  is  to  be  taken.  Fuses  or  circuit 
breakers  can  be  used  to  prevent  the  winding  from  being  actually 
burned  out,  but  they  cannot  prevent  the  mechanical  shock  to  the 
movable  element,  subjected  to  such  overload.  With  series  instru- 
ments having  considerable  resistance,  a  short  circuiting  swjtch  may 
not  be  applicable,  especially  if  the  voltage  of  the  circuit  is  low.  .If 
the  current  wrre  adjusted  with  the  instrument  in  circuit,  the  short 
circuiting  of  the  instrument  might  cause  an  undesirable  rise  of  cur- 
rent. 

When  using  wattmeters  on  circuits  of  500  volts  and  upward, 
always  protect  the  movable  element  by  connecting  the  correct  poten- 
tial post  (depending  on  the  type  of  instrument  employed)  to  one  of 
the  current  posts  by  means  of  a  fuse  wire.  Either  current  post  may 
be  used;  but  if  the  one  connected  direct  to  the  load  is  chosen,  the 
indication  of  the  wattmeter  will  include  the  watts  lost  in  its  own 
potential  circuit. 

When  making  tests  upon  high-voltage  circuits,  one  of  the  greatest 
sources  of  error  is  that  produced  by  "  static,"  which  causes  the  in- 
strument to  appear  sticky,  or  causes  the  indicator  to  deflect  above  cr 
below  zero  before  the  circuit  has  been  completed.  This  source  of 
error  can  usually  be  eliminated  by  connecting  one  binding  post  to 
the  metal  cover  by  means  of  a  fine  wire,  and,  in  addition,  coverinr 
the  bench  beneath  the  instrument  for  about  18  inches  square  with  tin 
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foil,  and  connecting  this  to  the  cover.  Under  no  circumstances 
should  a  sheet  of  copper,  iron  or  brass  be  used  for  this  purpose, 
or  any  metal  haying  an  appreciable  thickness,  as  eddy  currents  may 
be  set  up  in  the  mass  of  metal,  and  these,  reacting  upon  the  fields 
produced  by  the  currents  in  the  windings,  may  cause  incorrect  read- 
ings. This  remedy  can  be  applied,  with  safety  to  the  instruments, 
to  ammeters  only,  as,  in  cases  where  voltmeters  or  wattmeters  are 
used  in  connection  with  multipliers,  should  the  wrong  binding  post 
be  connected  to  the  cover,  and  the  static  effect,  in  consequence,  not 
be  removed,  the  instrument  is  very  liable  to  be  burned  out  by  the 
indicator  swinging  against  the  cover. 

A  great  many  types  of  instruments  are  susceptible  to  stray  fields 
arising  from  some  particular  condition  of  the  test  circuit  or  its  sur- 
roundings. A  knowledge  of  the  principle  upon  which  an  instrument 
operates,  the  location  of  its  windings,  and  its  magnets,  if  any,  should 
enable  the  user  to  judge  whether  or  not  the  location  is  suitable,  and 
guide  him  as  to  the  proper  precautions  to  take  to  obtain  accurate 
results. 

Alternating  and  continuous  current  ammeters  and  wattmeters 
made  for  heavy  currents  are  likely  to  have  only  a  turn  or  two  in  the 
coils  carrying  the  main  currents.  It  is  then  a  matter  of  importance 
in  connecting  them,  to  bring  the  leads  to  them  in  such  a  way  that 
they  do  not  form  a  loop  which  can  set  up  a  magnetic  field,  aiding  or 
opposing  that  of  the  instrument  winding.  The  best  way  of  doing  this 
is  to  keep  them  very  close,  preferably  twisted  together  for  some 
distance  away  from  the  instrument.  With  alternating  currents  there 
is  less  chance  of  disturbing  influences  apart  from  the  apparatus  in  the 
circuit  than  with  continuous  currents,  because  only  alternating  fields 
at  the  frequency  of  the  circuit,  and  having  a  fairly  constant  phase- 
relation  with  it,  can  affect  the  instruments.  This  practically  limits 
the  stray  field  influence  to  that  of  the  instruments  and  other  appa- 
ratus in  the  circuit  upon  each  other.  It  will  be  remembered,  how- 
ever, that  instruments  designed  for  both  alternating  and  continuous  cur- 
rent are  more  susceptible  to  influence  from  conductors  than  are 
continuous  current  instruments. 

In  general,  it  may  be  said  that  there  are  more  opportunities  for 
error  in  measuring  heavy  currents  than  in  measuring  small  ones. 
In  continuous  current  work  there  may  be  disturbing  influences  en- 
tirely apart  from  the  apparatus  in  use  on  the  test;  such,  for  instance, 
as  the  field  of  a  motor  or  generator  or  a  near-by  bus-bar  carrying 
heavy  currents.  Instruments  containing  permanent  magnets  will,  if 
placed  too  close  together,  influence  each  other.    The  natural  tendency 
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is  to  place  them  in  almost  the  worst  possible  position;  that  is,  side 
by  side.  A  space  of  from  two  to  three  feet  may  be  taken  as  a  safe 
distance  to  allow  between  continuous  current  instruments  of  the  ordi- 
nary portable  type.  When  space  is  very  limited,  two  instruments  can 
often  be  brought  close  together  without  causing  trouble,  by  placing 
one  of  them  with  its  scale  inverted  with  respect  to  the  other,  so 
that  the  neutral  parts  of  the  magnets  are  nearest  to  each  other  and 
the  pole  pieces  as  far  apart  as  possible.  For  the  most  accurate  re- 
sults even  the  earth's  magnetic  field  must  be  taken  into  account,  the 
maximum  possible  variation  in  reading  from  this  cause  being  usu- 
ally a  little  more  than  one-tenth  of  one  per  cent  in  the  case  of  per- 
manent magnet  instruments. 

With  the  exception  of  astatically  wound  instruments,  electro- 
dynamometer  instruments  designed  for  use  on  both  alternating  and 
continuous  currents,  when  used  on  continuous  current  must  be  read 
with  the  current  first  in  one  direction  and  then  in  the  other;  the 
average  of  the  direct  and  reverse  readings  gives  the  true  reading 
if  the  scale  is  uniform.  If  all  external  magnetic  fields  acting  upon 
the  instrument  are  independent  of  the  current  in  the  circuit,  the 
reversal  can  be  made  at  any  convenient  point,  but  if  there  is  a  prob- 
able influence  from  the  conductors  or  apparatus  in  circuit,  it  is  best 
to  make  the  reversal  at  the  terminals  of  the  instrument  in  order  to 
correct  for  all  stray  fields  at  once. 

The  foregoing  remarks  do  not  apply  to  induction  instruments  as 
the  principle  upon  which  they  are  made  is  such  that  a  stray  field 
could  scarcely  enter  in  a  way  that  would  affect  them.  Neither  do 
they  apply  to  electrostatic  and  hot-wire  instruments.  There  are  so 
many  things  which  tend  to  prevent  accurate  work  with  the  latter 
two  classes  of  instruments  that  they  are  little  used  in  ordinary  test- 
ing. Their  most  valuable  property  is  that  the  voltmeters  are  inde- 
pendent of  the  frequency.  Electrostatic  voltmeters  have  the  addi- 
tional feature  which  is  valuable  in  certain  kinds  of  work,  that  the 
energy  required  to  operate  them  need  not  be  considered. 

Instrument  transformers  are  divided  into  two  general  classes, 
known  as  current  transformers  and  voltage  transformers. 

These  devices,  when  properly  designed,  may  be  used  to  advantage  in 
extending  the  range  of  voltmeters,  ammeters  and  wattmeters,  or  watt- 
hour  meters,  or  where  it  is  desirable  that  measuring  instruments  be  insu- 
lated from  the  testing  circuit.  Considered  electrically,  without  reference 
to  features  of  design,  current  and  voltage  transformers  differ  simply  in 
the  methods  of  use. 

Tli*»r<»  Qr#»  ihrf^t^  (>««>nfiAl  nart«;  tn  nn  in<;trii!Tit»nt  tran<;fornier  !  a  nrimar\ 
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or  high-tension,  electrical  circuit;  a  secondary,  or  low-tension,-  electrical 
circuit;  and  a  magnetic  circuit,  with  which  these  are  interlinked.  The 
high-tension  winding  is  connected  to  the  supply  circuit,  and  the  low- 
tension  winding  to  the  measuring  apparatus. 

Instrument  transformers,  when  properly  designed,  are  suitable  for 
measurements  of  high  accuracy,  for,  when  their  constants  have  been  accu- 
rately determined,  the  precision  of  the  results  obtained  depends  chiefly 
upon  the  instruments  used  with  them,  as  the  transformers  are  more  per- 
manent and  less  liable  to  injury  than  measuring  instruments  of  delicate 
construction. 

The  intention  is  not  to  discuss  the  design  of  voltage  and  current  trans- 
formers, or  the  methods  of  obtaining  their  constants,  but  rather  to  indi- 
cate the  application  of  these  instruments,  the  nature  of  the  correction 
necessary,  and  the  best  methods  of  applying  them  to  a  given  set  of 
measurements. 

Both  current  and  voltage  transformers  are  subject  to  errors  of  more  or 
less  magnitude,  due  to  variations  of  primary  current  or  voltage,  to  fre- 
quency, or  to  the  amount  and  character  of  the  secondary  load. 

The  determination  of  transformer  losses  is  a  familiar  test,  and  the 
measurement  of  ratios  is  not  difficult,  and  may  be  accomplished  without 
the  employment  of  complicated  apparatus,  but  the  determination  of 
phase  relations  involves  the  use  of  apparatus  not  usually  found  in  the 
central  station  laboratory,  and  where  it  is  desired  to  use  instrument 
transformers  for  power  measurements,  it  is  better  to  havQ  their  con-  . 
stants  certified  to  by  a  responsible  testing  laboratory  than  to  attempt  to 
determine  them  by  means  of  inadequate  apparatus,  or  methods,  which 
may  not  be  correct. 

The  ratio  of  a  voltage  transformer  is  quite  definitely  determined  by 
given  conditions,  and,  with  a  definite  secondary  load,  is  little  affected 
by  variation  of  voltage  or  moderate  variation  of  frequency  and  wave 
form.  Consequently,  if  a  voltage  transformer  be  calibrated  for  the  value 
of  its  ratio  with  different  low-tension  circuit  impedances,  it  may  be 
used  as  an  instrument  of  precision. 

Voltage  transformers  are  usually  wound  for  some  convenient  in- 
tegral value  of  the  ratio  of  high-tension  applied  voltage  to  low-ten- 
sion terminal  voltage. 

The  ratio  of  voltage  transformers  can  be  checked  readily  by  com- 
parison with  a  voltage  transformer,  the  ratio  of  which  has  been  deter- 
mined by  some  reliable  testing  laboratory.  The  primary  of  the  standard 
transformer  and  the  transformer  to  be  tested  should  be  excited  at  the 
voltage  at  which  the  latter  is  to  be  u  ed^and  the  secondary  voltages  read 
m  two  voltmeters,  or  if  a  steady  volta^*  is  obtainable,  on  one  voltmeter 
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thrown  quickly  from  one  transformer  to  the  other  by  means  of  a  double 
throw  switch.  The  latter  method  is  preferable,  as  with  transformers  of 
equal  ratio,  the  accuracy  of  the  voltmeter  does  not  enter.  Where  two 
voltmeters  are  used,  their  accuracy  should  be  checked  at  the  points  used. 
The  transformer  being  tested  should  carry  the  same  secondary  load  as  it 
will   in    service. 

In  any  given  system,  the  voltage  transformers  are  usually  all  of 
the  same  potential,  or  a  very  small  number  of  standard  potentials,  so 
that  the  apparatus  required  for  this  test  is  not  great. 

The  question  of  change  of  ratio  at  low  voltages  does  not  arise  in  prac- 
tice, as  voltage  transformers  are  usually  operated  close  to  some  standard 
value  of  line  voltage.  In  well  made  voltage  transformers  the  phase 
angle  is  negligible,  for  practical  purposes,  as  long  as  the  current  taken 
from  the  low-tension  winding  is  not  too  great.  When  used  with 
wattmeters,  or  watt-hour  meters,  on  low  power-factors,  however,  this 
angle  should  be  determined.  Care  should  be  taken  not  to  exceed 
the  rated  capacity  of  the  low-tension  circuit;  if  the  instruments  used 
are  inductive,  the  volt-amperes  they  require  may  be  counted  as  so 
many  watts  in  estimating  the  load  on  the  transformer  low-tension 
winding. 

The  term  "  secondary  load  "  is  applied  to  the  devices  connected  to 
the  secondary  of  an  instrument  transformer,  which  are  supplied  with 
energy  to  operate  through  the  transformer. 

This  load  and  its  power-factor  should  be  clearly  distinguished  from 
the  load  and  power-factor  of  the  high-tension  circuits. 

In  a  voltage  transformer  an  increase  in  the  low-tension  circuit 
impedance  tends  to  raise  the  low-tension  voltage,  and  to  decrease 
the  phase  displacement  between  the  high-tension  and  low-tension 
voltages. 

The  effect  of  an  increase  in  the  secondary  impedance  of  a  current 
transformer  is  to  lower  the  secondary  current,  and  to  increase  or  decrease 
the  phase  displacement  between  primary  and  secondary  currents,  depend- 
ing upon  the  power  factor  of  the  secondary  load ;  these  effects  are  greater 
for  small  currents. 

Alternating  current  ammeters  do  not,  as  a  rule,  lend  themselves  read- 
ily to  operation  from  shunts ;  further,  the  same  necessity  frequently  exists 
in  this  case,  as  for  the  voltmeter,  of  insulating  the  instrument  from  the 
line  voltage. 

The  current  transformer  accomplishes  both  functions,  and  when 
well  designed/  constructed  of  proper  materials,  and  not  required  to  oper- 
ate too  many  instruments,  is  a  very  satisfactory  piece  of  apparatus. 

As  the  current  transformer  is  "used  for  the  purpose  of  producing  s 
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current  having  a  known  ratio  to  the  current  to  be  measured,  a  knowl- 
edge of  the  conditions  which  affect  ratio  should  be  the  first  requisite  in 
putting  them  into  service.  Ratios  vary  a  great  deal  more  in  some  trans- 
formers than  in  others,  but  it  is  safe  to  say  that  no  transformer  gives  a 
constant  ratio  at  all  loads  from  its  full  rated  capacity  to  an  extremely 
small  fraction  thereof.  The  general  statements  here  given  apply  to 
current  transformers  as  a  class.  The  magnitude  of  the  errors  in  any 
given  case  depend  on  details  of  design  and  materials. 

The  ratio  near  full  load  is  less  subject  to  error  than  that  at  lower  loads. 
The  chief  cause  of  error  in  ratio  is  the  employment  of  an  impedance  in 
the  secondary  circuit  higher  than  that  for  which  the  transformer  was 
designed. 

A  number  of  methods  of  measuring  current  transformer  ratios 
have  been  devised,  but  many  of  them  are  not  suitable  for  the  ordinary 
central  station  laboratory  equipment 

Current  transformer,  ratios  can  be  measured  readily  by  connect- 
ing a  watt-hour  meter,  or  rotating  standard,  of  known  accuracy  in 
the  secondary,  and  a  standard  indicating  wattmeter  in  the  primary, 
the  potential  circuits  of  the  two  meters  being  connected  at  the  same 
point  to  a  potential  in  phase  with  the  primary  current. 

Readings  are  then  taken  in  the  same  way  as  for  a  primary  calibra- 
tion of  the  watt-hour  meter,  and  the  percentage  accuracy  obtained 
for  the  combination  of  transformer  and  watt-hour  meter  divided  by 
the  known  percentage  accuracy  of  the  watt-hour  meter  alone  will 
give  the  accuracy  of  transformer  in  per' cent  of  registration.  The 
true  ratio  of  the  transformer  will  be  obtained  by  dividing  the  nomi- 
nal ratio  by  the  percentage  accuracy.  This  method  is  simple  in  appli- 
cation and  is  as  accurate  as  the  indicating  wattmeter  used,  and  uses  the 
normal  load  for  the  transformer  where  transformers  are  used  with  watt- 
hour  meters  only.  Where  the  primary  current  is  too  large  to  use  on  the 
indicating  meter,  a  five  ampere  standard  indicating  wattmeter  can  be  used 
on  the  secondary  of  a  current  transformer  whose  ratio  has  been  deter- 
mined for  use  under  that  condition  by  a  reliable  testing  laboratory. 

If  preferred,  the  secondary  can  be  measured  by  an  indicating  watt- 
meter and  the  ratio   will   be  primary   watts  divided  by   secondary  watts. 

Increasing  the  impedance  of  the  secondary  circuit  causes  a  de- 
crease in  the  secondary  current  resulting  from  a  given  current  in  the 
primary.  Since  the  proportional  decrease  is  greater  at  the  low  loads  than 
at  the  high  ones,  it  follows  that  if  the  secondary  impedance  is  increased 
at  the  low  loads  only,  by  exchanging  an  instrument  used  at  the  high 
loads  for  one  which  will  give  a  more  legible  reading  at  the  low  ones,  the 
discrepancy  in  ratio  is  likely  to  be  large.     The  low  reading  instrument 
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invariably  has  a  higher  impedance  than  the  one  of  larger  capacity  and 
this  additional  impedance  is  introduced  into  the  circuit  while  making  the 
ver>'  measurements  which  will  be  most  influenced  by  it.  This  point  cannot 
be  loo  strongly  emphasized,  because  it  is  so  easy  to  fall  into  the  error  of 
measuring  the  currents  at  different  loads  with  different  ammeters  in 
the  secondary  circuit.  Few  alternating  current  instruments  can  be 
read  with  accuracy  at  loads  below  thirty  per  cent  of  their  full-scale 
readings.  It  is  not  unnatural,  then,  to  change  ammeters  two  or 
three  times  in  taking  readings  on  a  wide  range  of  currents. 

Watt-hour  meters  which  have  a  range  of  accurate  calibration  from  two 
to  one  hundred  and  fifty  per  cent  of  their  rated  loads  are  used  extensively 
in  connection  with  current  transformers.  It  is  therefore  necessary  that 
the  performance  of  the  transformer  throughout  the  same  range  be  known. 
To  measure  the  ratio  with  ammeters,  keeping  the  readings  always  above 
one-fourth  scale,  would  necessitate  at  least  three  changes  even  if  it  is 
assumed  that  ammeters  of  the  exact  capacities  required  are  available. 
Since  alternating  current  ammeters  of  the  same  type  have  hnpedances 
approximately  in  inverse  proportion  to  the  squares  of  their  capacities, 
it  is  evident  that  the  secondary  impedance  could  easily  be  sixteen  times 
as  great  at  the  low  readings  as  at  the  high  ones. 

Ratio  curves  so  determined  are  useful  if  used  in  connection  with  the 
instruments  and  transformers  for  which  they  were  made,  or  their  coun- 
terparts. If  a  smooth  curve  is  made  and  applied  indiscriminately  to  a 
certain  transformer  it  is  worse  than  useless,  for  it  may  lead  to  the 
placing  of  confidence  in  results  that  are  in  greater  error  than  would  have 
resulted  if  there  had  been  no  attempt  to  correct  for  error  in  ratio. 

As  the  impedance  of  the  series  coil  of  a  wattmeter  is  lower  than  that 
of  an  ammeter,  of  the  same  capacity,  the  ratio  of  transformation  is  cor- 
rect over  a  ^'ider  range.  The  nearer  the  approach  to  a  short  circuited 
secondary,  the  wider  is  the  range  of  loads  at  which  the  ratio  is  constant. 

The  ratio  of  an  instrument  transformer  is  correct  in  one  direction 
only.  For  example :  a  current  transformer  which  is  designed  to  give  five 
amperes  .secondary  current  with  twenty  amperes  primary  current,  or  a 
ratio  of  four  to  one,  will  not  produce  satisfactory  results  when  connected 
to  the  same  ammeter  in  the  reverse  order  for  measuring  currents  of  1.25 
ampere  or  less,  that  is  in  the  ratio  of  one  to  four,  it  is  true  that  if  the 
heavy-current  terminals  are  short  circuited,  an  alternating  current  passed 
through  the  low  current  coil  will  induce  a  comparatively  heavy  current  in 
the  other  side,  but  the  ratio  is  not  accurate  enough  for  the  purpose  of 
measurement. 

The  same  thing  is  true  of  a  voltage  transformer.  One  which  is  designer' 
to  give  a   TO  to   I   ratio  from  high-tension  side  to  low-tension   sid 
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voltage,  will  not  give  an  exact  i  to  10  ratio  when  excited  from  the 
low-tension  side.  These  conditions  are  the  result  of  providing  one 
of  the  windings  with  compensating  turns  to  correct  for  the  losses  in 
the  transformer. 

For  measurements  of  voltage  or  of  current  it  is  necessary  to  know 
only  the  ratio  of  transformation  involved,  but  for  measurements  of 
power  writh  a  wattmeter,  or  watt-hour  meter,  the  phase  relations  are 
also  involved,  .and  accuracy  cannot  be  assured  unless  these  are 
known,  and  proper  correction  made.  In  the  operation  of  these  latter 
instruments  with  current  transformers,  two  sources  of  error  arise; 
first,,  as  in  the  case  when  ammeters  are  used,  the  ratio  of  transforma- 
tion varies  with  the  primary  current,  the  rate  of  change  of  the  ratio 
(for  a  given  transformer)  being  greater  the  smaller  this  current; 
second,  the  secondary  current  is  not  exactly  in  opposition  to  the 
primary  current,  and  this  deviation  from  opposition  (usually  referred  to 
as  the  "phase  angle")  will  usually  increase  as  the  load  decreases.  The 
light  load  performance  of  the  transformer  will  of  course  depend  in  the 
first  place  upon  its  design  and  the  quality  of  the  materials  used  in  its 
construction,  but  for  a  given  transformer  the  general  performance  will 
be  better  the  smaller  the  load  of  instruments  it  is  required  to  operate; 
that  is,  the  lower  the  resistance  and  the  reactance  of  the  secondary  cir- 
cuit. As  both  ratio  and  phase  angle  errors  affect  the  reading  of  a  watt- 
meter, or  watt-hour  meter,  care  should  be  taken  that  the  current  trans- 
former used  with  these  instruments  is  of  proper  design  and  capacity  and 
that  it  is  not  overloaded  with  instruments. 

It  is  unsafe  to  open  the  secondary  circuit  of  a  current  transformer 
when  there  is  any  current  in  the  primary.  When  the  secondary  circuit 
is  closed,  the  current  in  this  circuit  forms  a  magnetomotive  force,  which 
is  in  opposition  to  the  magnetomotive  force  of  the  primary , current,  and 
the  core  flux  is  thereby  limited  to  the  value  necessary  to  generate  in  the 
secondary  coil  an  e.m.f.  sufficient  to  produce  therein  a  current  only 
slightly  less  than  the  primary  current  in  magnetizing  effect.  When 
the  secondary  is  open,  there  is  no  opposing  magnetomotive  force  for 
limiting  the  core  flux,  which  therefore  reaches  a  value  determined 
solely  by  the  primary  magnetomotive  force  divided  by  the  reluctance 
of  the  transformer  core.  The  design  is  such  that  the  reluctance  is 
very  low  and  the  flux  reaches  a  relatively  high  value  before  the  core 
becomes  saturated.  Thus  even  a  small  value  of  primary  current  pro- 
duces an  excessive  value  of  core  flux  and  a  correspondingly  large 
e.m.f.  in  each  secondary  turn.  The  secondary  voltage  under  these 
conditions  reaches  a  value  which  may  both  damage  the  insulation 
and  prove  dangerous  to  life. 
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The  ratio  and  phase  angle  will  also  be  changed,  as  the  iron  is  not 
left  in  a  magnetically  neutral  condition,  so  that  both  the  magnetizing 
current  and  the  core  loss  are  increased,  thus  changing  the  constants  of 
the  transformer. 

When  current  transformers  are  used  for  testing  with  indicating  instru- 
ments in  the  laboratory,  there  are  other  considerations  apart  from  those 
of  personal  danger  from  the  high  secondary  e.m.f.  at  open  circuit,  and 
of  possible  damage  to  the  transformer  itself  by  overworking  its  iron. 
There  is  a  probability  of  overloading  other  apparatus  in  the  circuit,  if  the 
current  or  e.m.f.  of  the  line  are  adjusted  before  closing  the  secondary. 
The  impedance  of  the  primary  is  dependent  upon  that  of  the  secondary. 
If  the  latter  is  low,  the  e.m.f.  across  the  former  at  full  load  will  be  very 
small.  With  open  secondary,  the  primary  impedance  would  in  some 
instances  be  such  a  large  portion  of  the  total  impedance  in  the  circuit 
that  an  excessive  current  would  flow  at  the  instant  of  closing  the  sec- 
ondary, and  thereby  cutting  out  the  primary  impedance. 

Absolntely  no  harm  can  come  from  short  circuiting  the  secondary 
terminals  of  the  current  transformer,  and  this  method  is  used  when 
it  is  necessary  to  insert,  or  disconnect,  instruments  in  the  secondary 
circuit 

If  continuous  current  is  passed  through  a  current  transformer,  the  mag- 
netizing current  and  core  loss  are  increased,  and  the  constants  are 
changed  in  the  same  manner  as  when  the  secondary  is  open  circuited  with 
load  on  the  primary. 

A  transformer  which  has  been  subjected  to  continuous  current,  or  has 
been  open  circuited,  should  be  carefully  demagnetized  before  its  indica- 
tions are  relied  upon  for  accurate  measurements. 

Demagnetization  may  be  carried  out  by  passing  full  load  alternating 
current  through  the  primary,  while  the  secondary  is  open,  and  gradually 
reducing  the  current  to  zero.  The  demagnetization  may  also  be  accom- 
plished by  inserting  a  suitable  value  of  resistance  (about  10  ohms)  in 
the  secondary  circuit  with  full  rated  alternating  current  through  the  pri- 
mary winding,  and  gradually  reducing  either  the  current  or  the  resistance 
to  zero. 

In  the  selection  of  suitable  instrument  transformers  for  use  with 
secondary  standards  care  should  be  taken  to  insure  that  the  volt-ampere 
rating  of  the  transformer  is  sufficient  to  permit  the  use  of  the  desired 
instruments  in  the  secondary.  The  ratio  of  transformation  should  be  so 
compensated  that  a  large  correction  factor  is  unnecessary;  and  the  angu- 
lar displacement  between  primary  and  secondary  current  should  not  devi- 
ate from  180  degrees  by  an  excessive  value.  Voltage  transformers  may 
be  obtained  in  which  the  phase  angle  does  not  deviate  from  the  theoret- 
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ical  position  more  than  an  angle  of  ten  minutes,  while  current  transform- 
ers are  available  in  which  the  displacement  does  not  exceed  an  angle  of 
forty-five  minutes  at  ten  per  cent  load.  The  performance  of  the  trans- 
formers at  the  frequency  at  which  they  are  intended  to  be  used  should  be 
investigated.  The  insulation  between  the  primary  and  secondary  wind- 
ings should  be  at  least  double  the  amount  actually  required  for  the  voltage 
of  the  circuit  upon  which  the  instrument  is  to  be  used. 

It  is  customary  to  mark  on  watt-hour  meters  designated  for  use  with 
instrument  transformers,  the  constants  referring  to  energy  in  the  primary 
circuit.  In  testing  watt-hour  meters  of  this  class  with  standards  in  the 
secondary  circuit,  the  constants  as  marked  should  be  divided  by  the 
product  of  the  nominal  ratios  of  the  transformers  to  obtain  the  watt-hour 
meter  constants.  The  errors  of  the  instrument  transformers  should  be 
taken  into  account  by  the  use  of  correction  curves  in  the  manner  speci- 
fied herein. 

Watt-hour  meters  installed  with  voltage  and  current  transformers 
must  be  correctly  calibrated  with  respect  to  the  energy  in  the  primary 
circuit. 

A  correct  calibration  is  obtained  directly  by  connecting  the  stand- 
ards in  the  primary  circuits  of  the  transformers.  In  such  tests,  the  im- 
pedance in  the  secondary  circuit  of  the  transformer  should  be  the  same 
as  in  service.    This  procedure  should  be  followed  where  feasible. 

In  the  case  of  high  voltage,  or  heavy  current,  conditions,  and  in  any 
cases  where  primary  tests  are  difficult  or  impossible,  recourse  may  be 
had  to  secondary  tests;  provided,  however,  that  the  transformer  errors 
are  determined,  and  are  taken  account  of  in  the  calibration  of  the  watt- 
hour  meters  under  test.  The  percentage  of  accuracy  of  the  watt-hour 
meter  should  be  adjusted  to  correspond  to  a  predetermined  correction 
curve,  which  gives  at  each  load  the  amount  by  which  the  percentage  of 
accuracy  with  respect  to  secondary  energy  must  differ  from  loo  per  cent, 
in  order  to  correct  for  the  transformer  errors.  This  value  of  watt-hour 
meter  accuracy  is  hereinafter  for  brevity  referred  to  as  the  secondary 
accuracy. 

The  permanency  of  commercial  transformers  is  such  that  their 
ratios  may  be  relied  upon  to  remain  unchanged  for  a  period  of  five 
years  (but  not  longer  without  calibration),  provided  that  the  trans- 
formers have  not  been  subjected  to  overloads,  primary  short  cir- 
cuits, or  open  circuiting  of  the  secondary  of  the  curr.ent  transformer 
under  load. 

The  phase  displacement  in  the  voltage  and  current  transformers 
will  appreciably  affect  the  accuracy  of  the  watt-hour  meter  only  at  low 
power-factors. 
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The  effect  will  be  equivalent  to  a  certain  error  in  the  lag  adjustment, 
and  may  be  compensated  by  relagging  the  watt-hour  meter  in  the  labora- 
tory prior  to  installation. 

With  standards  in  the  primary  circuit,  the  watt-hour  meter  is  lagged 
in  the  same  manner  as  a  meter  without  transformers;  that  is,  the  meter 
is  adjusted  correct  at  unity  power-factor  by  means  of  the  full  load  and 
light  load  adjustments,  after  which  the  meter  is  tested  at  one  load  at  a 
low  power- factor  and  its  accuracy  adjusted  to  100  per  cent  by  altering 
the  lag  adjustment. 

In  lagging  the  watt-hour  meter  by  means  of  standards  in  the  secondary 
circuit,  it  is  necessary  to  have  two  correction  curves,  one  corresponding 
to  unity  power-factor,  and  the  other  to  a  lower  power- factor  (70  per 
cent  or  50  per  cent  is  suitable).  The  procedure  is  the  same  as  in  lagging 
from  the  primary,  except  that  the  percentage  of  accuracy  is  adjusted  in 
each  case  to  conform  to  the  corresponding  calibration  curve. 

Owing  to  the  fact  that  the  phase  displacement  of  a  current  transformer 
varies  with  the  load,  it  is  impossible  to  obtain  a  lag  adjustment  which  is 
absolutely  correct  for  all  loads.  Errors  from  this  source  may  be  mini- 
mized by  the  use  of  transformers  having .  a  small  phase  angle,  and  by 
making  the  lag  adjustment  at  a  load  representing  as  nearly  as  possible 
the  normal  load  of  the  circuit  on  which  the  watt-hour  meter  is  to  be 
used. 

In  primary  tests,  wher^  the  voltage  and  current  exceed  the  range 
of  ordinary  wattmeters  and  rotating  standards,  portable  current  and  volt- 
age transformers  may  be  used  in  connection  with  low  range  standards. 
The  correction  curve  of  the  combination  is  obtained  by  testing  the  stand- 
ard in  conjunction  with  the  transformers,  or  by  applying  the  corrections 
given  at  the  close  of  this  chapter,  to  the  correction  curve  of  the  stand- 
ard, as  determined  without  the  transformers. 

In  testing  watt-hour  meters  used  with  current  transformers  special 
methods  of  loading  are  often  necessary.  The  methods  and  diagrams 
to  be  used  are  siiViilar  to  those  discussed  in  Chapter  VII  and  Chapter 
VIII,  and  are  briefly  referred  to  here. 

Where  the  primary  voltage  is  low,  permitting  loading  the  watt- 
hour  meter  and  transformer  together  from  the  primary,  the  current  will 
ordinarily  be  so  large  as  to  preclude  the  use  of  load  boxes  of  the  ordi- 
nary capacity.     Stepdown  transformers  may  be  used  to  furnish  the  large 

currents. 

In  testing  on  low  voltage  circuits  with  standards  in  the  secondary,  the 
loads  may  be  obtained  very  conveniently  by  short  circuiting  the  current 
transformer,  then   disconnecting  the   watt-hour   meter   from   the   current 
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transformer  and  loading  it  independently,  obtaining  energy  from  the  pri- 
mary circuit. 

Where  the  primary  voltage  is  high,  the  current  for  tests  may  be 
obtained  from  the  secondary  of  a  stepdown  transformer  supplied  by  the 
same  system. 

If  it  is  possible  to  disconnect  the  current  transformer  from  the  high 
voltage  circuit,  a  primary  test  may  be  made  by  including  the  current 
transformer  together  with  the  standard  in  the  secondary  circuit  of  the 
stepdown  transformer,  the  voltage  connections  of  the  watt-hour  meter 
remaining  undisturbed. 

Where  no  low  voltage  circuit  is  available,  it  is  necessary  to  make  the 
secondary  test,  inserting  the  standards  in  the  secondary. 

Light  load  tests  may  be  made  by  loading  the  watt-hour  meter  from 
the  low-tension  side  of  the  voltage  transformer,  providing  the  ca- 
pacity of  the  transformer  will  permit. 

Where  secondary  tests  are  made  at  a  low  power-factor,  the  watt- 
hour  meter  should  be  adjusted  to  the  value  of  secondary  accuracy  corre- 
sponding to  the  actual  power-factor.  If  the  watt-hour  meter  has 
been  previously  relagged  with  respect  to  the  primary  this  renders 
the  meter  correct  at  all  power-factors. 

The  calibration  curve  may  be  determined  by  a  comparison  of  pri- 
mary and  secondary  tests.  If  the  meter  is  adjusted  correctly  with  re- 
spect to  primary  energy,  the  secondary  accuracy  is  observed  directly. 
When  the  percentage  of  accuracy  in  terms  of  primary  energy  differs  from 
100  per  cent,  the  true  secondary  accuracy  is  computed  by  dividing  the 
observed  secondary  accuracy  by  the  actual  primary  accuracy. 

The  correction  curve  is  computed  from  the  ratio  and  phase  displace- 
ments of  the  transformers,  determined  by  independent  precision  measure- 
ments as  follows: 

At  unity  power-factor, 

true  ratio  of  current  transformer 
Secondary  accuracy  = 


X 


nominal    ratio    of    current    transformer 

true  ratio  of  voltage  transformer 
nominal   ratio  of  voltage  transformer. 


At  the  power-factors  other  than  unity,  the  secondary  accuracy  is  deter- 
mined by  adding  to  or  subtracting  from,  the  value  given  by  the  above 
formula,  the  quantity 

tan  0  tan  5  X  loo  where 
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^  ^  phase  diflference  between  secondary  current  and  secondary  voltage, 
that  is 

cos  0  =  secondary  power-factor, 

which  may  be  determined  by  voltmeter,  ammeter  and  wattmeter  readings 
in  the  secondary. 

*  =  resultant  phase  displacement  introduced  by  the  two  transformers. 

The   sign  of  the  correction   is   to  be  determined   from   the   following 
table,  in  which 

/5  =  phase  angle  of  secondary  current  with  respect  to  primary  current. 
7  =  phase  angle  of  secondary  voltage  with  respect  to  primary  voltage. 

Table  for  Determining  Signs  of  Corrections, 
(a)  jS  numerically  larger  than  7 


Correction 

0 

P 

7 

a 

Lagging 

Lagging 

Lagging 

fi-y 

Additive 

Lagging 

Lagging 

Leading 

/3  +  7 

Additive 

Lagging 

Leading 

Leading 

/3  — 7 

Subtractive 

Lagging 

Leading 

Lagging 

/3  +  7 

Subtractive 

Leading 

Lagging 

Lagging 

i3-7 

Subtractive 

Leading 

Lagging 

Leading 

/3H-7 

Subtractive 

Leading 

Leading 

Leading 

/3~7 

Additive 

Leading 

Leading 

Lagging 

/3  +  7 

Additive 

(b)  7  numerically  larger  than  /3 

Correction 

0 

/9 

7 

5 

Lagging 

Lagging 

Lagging 

7-/5 

Subtractive 

Lagging 

Lagging 

Leading 

7  +  i3 

Additive 

Lagging 

Leading 

Leading 

7-/3 

Additive 

Lagging 

Leading 

Lagging 

7  +  /3 

Subtractive 

Leading 

Lagging 

Lagging 

y-P 

Additive 

Leading 

Lagging 

Leading 

7-h/3 

Subtractive 

Leading 

Leading 

Leading 

7-/3 

Subtractive 

Leading 

Leading 

Lagging 

7  +  /8 

Additive 

Usually  0  is  lagging,  /3  and  7  leading  and  P  larger  than  7  in  practice, 
corresponding  to  the  third  case  under  (a)  so  that  the  correction  is 
usually  subtractive. 
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Table  of  Values  of  Tan  0  Tan  5  X  100 
Power-Factor  in  Secondary 
.45       .50      .55        60       .65       .70      ,75       .80      .85       .90       .95 
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CHAPTER  VI 

METER  SHOP 


CHAPTER   VI 
Meter  Shop 

The  meter  shop  is  the  general  term  applied  to  the  quarters  in 
which  the  mechanical  work  connected  with  the  operation  and  main- 
tenance of  service  watt-hour  meters  is  carried  on,  and  also  the 
office  work  when  this  is  not  conducted  separately  from  the  other. 

It  may  be  subdivided  into  the  following  di£Perent  rooms: 

Office. 
Laboratory. 
Instrument  Room. 
Testing  Room. 
Repair  Room. 
Stock  Room. 

It  is  not  customary,  however,  to  segregate  the  work  to  such  an  extent, 
and  in  a  small  company  all  the  work  may  be  carried  on  in  one  room. 

The  importance  of  careful  and  economical  work  should  be  kept 
in  mind  in  selecting  the  location  of  the  meter  shop.  The  quarters 
should  be  centrally  located  with  reference  to  the  district  served, 
should  be  well  lighted  and  ventilated,  and  so  heated  that  as  even 
a  temperature  as  practicable  can  be  maintained.  It  is  important  also 
that  the  building  should  be  practically  free  from  vibration,  or  else 
the  testing  tables  should  be  supported  on  separate  foundations. 
The  floors  should  be  of  hard  wood,  or  cement  treated  with  a  special 
preparation,  so  that  they  can  be  kept  free  from  dust,  which  is  im- 
portant, because  the  covers  of  the  watt-hour  meters  and  indicating 
instruments  are  often   removed  during  testing  or   repairs. 

The  office  equipment  should  consist  of  suitable  desks,  cabinets  for 
card  records  and  filing  cases,  so  that  all  records  can  be  kept  sys- 
tematically, and  referred  to  without  loss  of  time. 

The  laboratory  equipment  should  consist  of  instrument  tables, 
preferably  with  slate  tops;  one  for  permanently  mounting  the  poten- 
tiometer, Wheatsone  bridge,  and  other  permanently  connected  in- 
struments, and  another  for  experimental  work  and  instrument  check- 
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ing,  which  should  have  a  suitable  service  outlet  board  over  it,  from 
which  can  be  obtained  any  kind  of  current  necessary,  such  as  that 
from  storage  batteries,  a  motor  generator  set,  or  the  system,  as  de- 
sired. There  should  be  a  work  bench  with  a  small  vise;  also,-  cab- 
inets for  storing  standard  shunts,  instruments,  and  other  equipment, 
as  necessary.  The  equipment  of  electrical  standards  and  instruments 
has  already  been  described  in  the  preceding  chapter. 

The  instrument  room  may  be  a  part  of  the  laboratory,  but  it  is 
sometimes  desirable  to  have  a  separate  room  where  the  working 
standards,  or  instruments  used  in  watt-hour  meter  testing  on  the 
consumer's  premises  can  be  calibrated  and  stored  (Fig.  218).  The 
equipment  should  consist  of  suitable  secondary  standards,  mounted 
permanently  on  tables,  preferably  with  slate  tops.  These  secondary 
standards  should  be  calibrated  in  position  and  connected  to  a  series 
of  outlets  over  a  table,  or  rack,  on  which  the  working  standards  can 
be  placed  and  readily  connected  for  the  regular  check.  Separate 
equipment  will  be  necessary  for  checking  the  continuous  and  alter- 
nating current  instruments.  A  loud  sounding  relay  connected  to  the 
primary  standard  clock  is  desirable  for  checking  the  stop  watches 
used  in  service  testing.  There  should  be  provided  compartments  for 
storing  the  instruments  and  auxiliary  equipment  used  as  working  stand- 
ards for  watt-hour  meter  testing,  when  not  in  use  or  when  brought  in 
at  night.  A  work-bench  may  also  be  provided,  so  that  repairs  to  instru- 
ments and  equipment  can  be  made  when  necessary.  It  is  convenient 
also  to  have  a  cabinet  for  keeping  such  watl-hour  meter  repair  parts  as 
are  used  by  meter  ti'sters.  so  that  tliey  can  Obtain  these  at  the  time  they 
obtain  their  instruments. 

The  testing  room  must  be  equipped  for  the  rapid  and  accurate 
calibration  of  all  kinds  of  watt-hour  meters  in  use  by  the  company. 
For  that  purpose  suitable  watt-hour  meter  testing  panels  should  be 
provided.  ^ 

The  larger  companies,  where  it  is  necessiary  to  test  a  large  number 
of  meters  per  day,  are  justified  in  the  utilization  of  as  elaborate  and 
expensive  an  equipment  as  the  conditions  demand.  It  is,  of  course, 
obvious  that  small  companies  should  not  undergo  the  expense  of 
installing  an  elaborate  system.  The  small  companies  should,  how- 
ever, make  proper  arrangements  to  test  one  or  more  watt-hour 
meters  at  a  time,  and  some  of  the  accompanying  figures  and  dia- 
grams indicate  equipments  that  could  be  used  for  this  purpose. 

These  panels  should  be  so  arranged  that  the  meter  under  test  will 
be  at  a  convenient  height,  preferably  about  level  with  the  meter  test- 
er's chin,  and  with  a  bench  or  shelf  below  for  holding  the  instruments 
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and  tools  needed.  Care  must  be  taken  that  the  wiring  of  the  panels 
is  so  arranged  that  there  will  not  be  any  stray  magnetic  fields  which 
will  appreciably  affect  either  the  working  standards  or  the  watt-hour 
meters  under  test.  Adjustable  clamps  for  holding  watt-hour  meters  of 
different  types  or  sizes  should  be  provided  when  necessary.  Modem  types 
of  watt-hour  meters  with  center,  top-supporting  lug,  will  not  require 
any  means  of  leveling,  if  the  meter  testing  panel  is  accurately  vertical. 
For  older  types  of  watt-hour  meters,  a  simple  leveling  device  should  be 
arranged,  such  as  a  means  of  swinging  the  bottom  of  the  meter  testing 
panel  in  or  out  by  the  use  of  a  leveling  screw,  or  with  rotatable  wedges 
under  the  bottom  of  the  meter.  If  the  number  of  different  shapes  of  watt- 
hour  meters  used  by  the  company  is  limited  to  a  single  or  a  few  types, 
the  leveling  and  other  mechanical  features,  as  well  as  the  electrical  wiring 
of  the  testing  panels,  can  be  very  simply  and  efficiently  arranged. 

Switching  arrangements  should  be  provided  for  throwing  any  de- 
sired load  on  the  watt-hour  meter  under  test.  These  arrangements 
can  also  be  considerably  simplified  if  separate  panels  are  provided 
for  testing  the  different  sizes  of  meters  most  in  use;  for  example, 
one  for  5  and  10  ampere,  no  volt  watt-hour  meters;  another  for 
5  and  10  ampere,  220  volt  watt-hour  meters,  with  another  to  accom- 
modate all  larger  sizes.  There  should  be  a  service  switch  provided 
for  each  panel,  so  that  all  current  and  potential  connections  will  be 
dead  when  the  watt-hour  meter  is  being  connected  for  test.  The  use 
of  rotating  standards  is  particularly  applicable  to  all  meter  shop 
testing,  and  when  they  are  used,  it  is  a  convenient  arrangement  to  set 
them  into  the  top  of  the  testing  bench,  so  that  the  top  of  the  rotat- 
ing standard  is  on  a  level  with  that  of  the  bench  (Figs.  231  to  233). 

The  same  auxiliary  devices,  described  in  Chapter  IX  for  watt-hour 
meter  testing  on  the  consumer's  premises,  may  be  used  in  the  testing 
room,  where  they  can  be  permanently  connected;  in  adJItion,  other 
means  are  available  which  are  not  practicable  for  portable  use. 

For  meter  shop  testing  there  may  be  used  for  loading  meters: 

Lamp,  or  resistance  banks,  rheostats  and   inductances. 

Storage  batteries. 

Low  voltage  current  transformers. 

Low  voltage  motor  generator  sets. 

Variable  voltage  and  frequency  motor  generator  sets.  (See  Chap- 
ter V.) 

A  lamp  bank  containing  100  lamps,  arranged  in  five  rows  of  twenty 
lamps  each,  and  divided  in  the  center,  in  ten  rows  of  ten  lamps  each, 
can  be  easily  constructed.  Nine  of  these  rows  can  each  be  controlled 
by  a  single-pole  switch,  and  the  tenth  row  divided  into  four  sectioi 
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of  one  lamp,  two  lamps,  three  lamps  and  four  lamps,  respectively, 
each  section  being  controlled  by  a  separate  single-pole  switch.  It 
will  be  seen  that  by  this  simple  and  inexpensive  arrangement  it  is 
possible  to  obtain  a  load  of  any  number  of  lamps  from  one  to  one 
hundred. 

This  load  can  be  connected  to  either  alternating  or  continuous 
current  circuits;  provision  can  be  made  for  both  no  and  220  volts, 
and  suitable  resistances  may  be  provided   for  final  adjustments  of 


LAMP  Bank 


.1    »4    .1 


A*-u^ 


1?  V  \'  <  ^ 


fl 


WAAWV 


RCACTANCE 


AOJUSTABLC    ReSISTANCC 


Source 


MAI 
SWITCH 


in  I  II 


r^jnnr^ 


Switch 


Single- Phase 
Wmt-Hour  meter 


9      0 


Indicating    vbtTMCTER 

WATTMETER 


Pig.  3I9« — Diagram  of  Connections  for  Testing  Watt-hour  Meters  with  Lamp  Bank  and 

Reactance  Coil. 

both  voltage  and  current;  and  any  power- factor  from  .50  to  unity 
can  be  obtained  by  the  addition  of  a  suitable  reactance  coil. 

An  arrangement  similar  to  this  is  shown  in  Fig.  219. 

Where  reactance  coils,  or  transformers,  are  used,  care  should  be 
exercised  that  they  are  not  so  placed  that  the  watt-hour  meter  under 
test,  or  other  instruments,  come  within  their  magnetic  influence. 

When  rotating  standards  are  used,  in  meter-shop  tests,  it  is  not 
necessary  to  have  absolutely  steady  voltage  and  current,  such  as  is 
necessary  for  laboratory  purposes,  so  that  the  system  supply  will  be 
a  satisfactory  source  of  power  for  practically  all  purposes.  For  test- 
ing large  continuous  current  watt-hour  meters  for  which  indicating 

•ncfrttm^nts    are    iisiisillv   iiapH.    unless    the    shunt    method    is    used,    as 
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Fig.  330. — Diagram  of  Connections  for  Testing  Watt- hour  Meters  with  Rotating  Standatd. 


described  in  Chapter  VIII,  a  source  of  low  voltage  current  and  of  poten- 
tial  from  storage  batteries  is  desirable. 

The  different   equipments  for  obtaining  current  for  testing,  both 
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continuous,  and  inductive  or  non-inductive  alternating  current,  have 
been  described  in  the  previous  chapter. 

Several  diagrams  are  here  given,  illustrative  of  different  methods 
of  current  supply  and  testing  panel  connections. 

Fig.  220  shows  connections  for  testing  watt-hour  meters  in  system 
service. 

Fig.  221  shows  the  connections  for  testing  watt-hour  meters  with  a 
low  voltage  storage  battery.  Reference  should  be  made  to  Chapter 
IX  for  detailed  information  and  descriptions  of  them,  and  Chapters 
VII  and  VIII  treat  of  methods  involving  their  use. 
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Fig.  322. — Diagnun  of  Connections  for  Testing  Watt-hour  Meters  with  Motor  Generator  Set. 


Fig.  222  shows  the  connections  for  testing  watt-hour  meters  with  a 
motor  generator  set,  of  the  type  generating  a  large  current  at  low 
voltage,  similar  to  that  used  for  electroplating. 

Fig.  223  shows  connections  where  a  low  voltage  transformer  is  used 
as  a  means  of  loading  'the  watt-hour  meter  under  test. 

A  convenient  arrangement  for  loading  watt-hour  meters  under  test 
is  shown  in  Fig.  224,  and  consists  of  a  bank  of  lamps  of  different 
candle-power,  ranging  from  4  to  50  candle-power,  these  lamps  being 
arranged  in  connection  with  single-pole  single-throw  switches,  so 
that    the   smaller   sizes    may   be    thrown    in   circuit    individually    and 
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the  larger  sizes  in  groups, 
conditions. 

In  circuit  with  a  portion  of  the  lamp  bank  is  placed  an  adjustable  re- 
sistance, or  rheostat,  for  use  in  obtaining  exact  current  values,  and  also 
to  assist  in  maintaining  a  constant  load.  A  water  rheostat  is  very  con- 
venient for  this  class  of  work,  as  the  load  can  be  adjusted  quickly,  and 
with  perfect  uniformity.    The  resistance  of  a  water  rheostat  can  be  read- 
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ily  changed  over  a  wide  range  by  changing  the  strength  of  the  so- 

A  watt-hour  meter  can  readily  be  checked  for  inductive  load  accu- 
racy, if  a  two-phase  circuit  is  available,  by  connecting  the  current 
coils  of  the  watt-hour  meter  in  one  phase  and  taking  the  potential  from 
the  other  phase  as  shown  in  Figs.  225  and  226.  The  meter  should  be 
given  normal  full  load  current  and  potential,  and  as  the  current  and 
potential  in  this  case  are  90  degrees  apart,  or  in  quadrature,  it  is 
obvious  that  the  meter  disk  should  not  move. 

A  secondary  standard  indicating  wattmeter,  or  rotating  standard,  should 
be  in  circuit  during  this  test,  as  a  check  upon  the  two-phase  current  be- 
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ing  exactly  in  quadrature.  If  the  secondary  standard  shows  any  load 
the  current  should  be  further  lagged  by  inserting  a  sufficient  number  of 
lamps  in  the  phase  B  circuit  (Fig.  226),  or  if  desired,  an  inductance 
can  be  inserted  in  the  current  circuit  of  the  watt-hour  meter  under 
test.  In  order  to  secure  the  proper  phase  relation  it  may  in  some 
instances  be  necessary  to  reverse  the  high-tension,  or  low-tension, 
connection    of    the    transformer    in    phase    B.      When    the    phase    dis- 


O 


3-Pmase: 
A.C. 


Source 


T 


n 


Load 


WXTMETtR 


NaAtpmour 
Meter 


Ammeter 


ATT  METER 


Pic.  228.- 


-Diagram  of  Ccnnections  for  Testing  Single-phase  Watt-hour  Meters  on  Three- 
phas?  System  at  Power- factors  cf  1,00  and  0.5. 


placement  is  exactly  90  degrees,  the  secondary  standard  should  not 
show  any  load. 

Fig.  227  is  another  diagram  showing  connections  for  testing  single-phase 
watt-hour  meter  on  single-phase  and  inductive  loads. 

Fig.  228  is  a  diagram  of  connections  whereby,  through  the  medium 
of  the  three-phase  system,  single-phase,  alternating  current,  watt- 
hour  meters  can  be  tested  at  a  power- factor  of  unity  and  of  0.5. 

The  condition  of  zero  power-factor,  or  quadrature,  may  be  also  ob- 
tained from  a  balanced,  three-phase  circuit  by  connecting  the  watt-hour 
meter  under  test,  as  shown  in  Fig.  229,  with  the  current  coils  in  phase 
A,  and  connecting  the  potential  element  acro.«s  phases  B  and  C,  the  load 
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being  placed  between  phases  AB  and  AC.  This  load  must  be  the  same 
(balanced)  on  each  phase  to  obtain  the  desired  result.  Other  power-fac- 
tors may  be  obtained  by  using  unbalanced  loads  on  the  two-phases  (Fig. 
159,  Chapter  V). 

Single- Phase. 
Watt-Hour  Meter 
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6     6     0 
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A  C 

Pig.  329. — Diagram  of  Connections  for  Testing  Sin^e-phase  W^tt-hour  Meters  on  Three- 
phase  System  at  Power-factors  of  o. 

Another  method  of  obtaining  this  condition  from  a  three-phase  circuit 
is  to  transform  from  three-phase  to  two-phase  and  connect  the  watt-hour 
meter  under  test  into  the  two-phase  circuit  as  shown  in  Fig.  230.  This 
method  necessitates  the   use  of  special   transformers  having  the   three- 
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Pig.  330. — ^Diagram  of  Connections  for  Testing  Single-phase  Watt-hour  Meters,  at  o  Power- 
factor,  on  Two-phase  System  Obtained  by  Transformation  from  Three-phase  System. 

phase  to  two-phase  connection,  but  in  some  cases  this  method  may  be 
more  convenient  than  the  method  shown  in  Fig.  229,  as  it  eliminates  the 
necessity  of  maintaining  the  balanced  load  on  the  three-phase  circuit,  it 
being  only  necessary  to  have  one  lamp  bank  on  one  phase  of  the  two- 
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phase  circuit  for  a  load.  Having  oblained  a  current  in  quadrature  with 
the  potential,  the  lest  should  be  conducted  as  outlined  in  the  preceding 
paragraph  describing  the  two- phase  method. 

Fig.  231  represents  diagrammatically  a  walt-hour  meter  testing  panel 
for  testing  one  at  a  time,  S  and  10  ampere,  alternating  current,  single- 
phase,  two-  or  three-wire  meters  and  polyphase  meters,  on  a  single- 
phase,  the  potentials  of  which  operate  at  230  volts. 

houcTiON  Coil  for  50%  Powt*  Factos. 

fflHtPutCtDeEI^NDOANSER  OT  UaQNETI 

|™|  Effect  on  Testing  Panel 


The  duplicate  arrangement  of  wiring  and  double  throw  switches 
i>  such  that  while  one  meter  is  under  test  on,  say  the  left-hand 
panel,  another  may  be  being  prepared  for  test  on  the  right-hand 
panel,  the  wiring  of  which  would  be  entirely  disconnected.  It 
would  then  be  necessary  only  to  throw  the  double  throw  switches 
to  the  right  to  transfer  the  test  to  the  right-hand  meter. 

The  rotating  standard  is  mounted  in  the   bench   in  front  of  the 
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(A)  is  a  marble  switch  panel,  on  which  are  mounied  two  double  pole 
double  throw  switches.  The  upper  switch  will  connect  the  system  serv- 
ice 10  the  outlets  at  either  of  the  oak  meter  boards  (B)  or  (C).  The 
lower  switch,  when  thrown  to  the  right,  will  connect  the  non-inductive 
load  of  rheostat  (O)  through  the  rotating  standard  (F)  to  either 
watt-hour  meter  under  test.  When  this  switch  is  thrown  to  the  left, 
the  induction  coil  (E),  mounied  on  wall,  six  feet  above  panel,  will  be 
connected  in  series. with  the  rheostat  giving  an  inductive  load  of  250 


^  Induction  Coil, 
WbVfmWS  Power  Factob 


watts  at  .30  power-factor,  Tlie  fuses  for  the  voltage  circuit  of  the 
rotating  standard  are  shown  ai  (G)  and  drawers  for  tools  at  (H)  and 
(W),  The  rheostat  is  of  the  portable  type,  giving  current  in  % 
ampere  steps  up  to  15  amperes,  but  is  permanently  mounted. 

Fig.  212  shows  3  similar  panel  ti>  the  above  for  testing  alternating  cur- 
rent wall-hour  meters  of  S  and   10  amperes  capacity,  at   its  volts. 

Fig.  233  is  another  illustration  of  a  typical  watt-hour  meter  testing 
panel  for  continuous  current,  5  to  50  amperes,  115  and  130  volt,  watt- 
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The  various  featui 

A.  Marble  panel. 

B.  Hinged  slate  watt-hour  meter  panel. 

C.  Rotaling  standard  set  into  lop  of  bench. 

D.  Low  voltage  watt-hour  meter  testing  rheostat  used  when  test- 
ing on  battery  service. 

E.  Lamp  bank  used  when  testing  on   system  service. 

F.  Lamps  used  for  light  loads  when  testing  on  system  service. 


G.  Single  pole  double  throw  switch  for  connecting  rheostat  or  lamp 
load,  to  watt -hour  meter. 

H.  Single  pole  double  throw  service  switch  for  connecting  system  serv- 
ice, or  storage  battery,  source. 

L  Single  pole  double  throw  pressure  switch  giving  115,  or  230,  volts; 
the  positive  sides  of  the  battery  and  system  services  are  tied  together  so 
that  when  testing  watt-hour  meters  on  battery  current  it  is  not  ncces'iary 
to  have  an  additional  pressure  wire  in  the  meter. 

J.  Binding  post  terminab  for  current  leads. 

K.  Adjustable  clamps  in  slot  for  holding  Type  M  Thomson  watt-hour 
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L.  Leveling  device  wilh  screw  adjustment. 

M.  Hook  for  holding  Type  C  Thomson  watt-hour  meters. 

The  watt-hour  meter  testing  panel  in  Fig.  234  is  equipped  as  follows; 

First  row:  (a)  handle  for  regulating  inductive  load;  (b)  ammeter;  (c) 
load  switch;  (d)  rotating  standard;  («)  voltage  switch;  {f)  voltmeter; 
(g)  hand  wheel  for  fine  adjustments  of  non-inductive  load. 


B  Panel  for  AIMnutina  Cumnls. 

Second  row:  {h)  switches  for  adjusting  non-inductive  load;  (1)  bell 
operated  by  rotating  standard  for  indicating  revolutions;    (/)   similar  to 

Third  row;  (ft)  watt-hour  meters  under  test:  General  Electric 
Company's  Type  I;  Fort  Wayne  Electric  Company's  polyphase  and 
Type  K,  and  Westinghouse  Electric  and  Mfg.  Company's  watt-hour 
meters. 

Fourth  row:  (J)  hand  wheel  to  be  used  in  conjunction  with  (a)  for 
fine  adjustments  of  inductive  load. 
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This  testing  panel  is  made  of  slate  and  manufactured  by  the  Fort 
Wayne  Electric  Company  for  use  on  alternating  current. 

Fig-  23s  shows  a  loo-ampere  wall-hour  meter  testing  pand  for  use  on 
alternating  current  at  110  or  220  volts.  Space  is  provided  on  Ihe  panel 
for  supporting  any  standard  make  of  alternating  current  meter.  A  main 
switch  and  cut-out  protects  the  panel;  opening  this  switch  disconnects  the 

A  double  set  of  potential  binding  posts  is  provided,  so  that  poten- 
to  watt-hour  meter  and   rotating  standard  can    be 


made  rndependenlly.  Binding  posts  for  the  load  current  are  located 
in  such  positions  that  connections  to  watt-hour  meter  and  rotating 
standard  may  be  made  independently.  A  potential  switch  for  the 
control  of  the  rotating  standard  is  provided  for  use,  if  desired.  Se- 
lective switches  at  the  top  of  the  panel  control  the  load  current. 
These  switches  are  arranged  to  give  small  gradations  of  load  up  to 
Ihe  rated  capacity  of  the  panel. 

The    method   used   for   loading   the   watt-hour   meter   under   test    is 

'     hat  known  as  the  phantom  load  method,  by  which  the  load  current 

supplied   to    the   current   coils    from    a    source    of   lower   potential 

1  that  of  the  circuit  to  which  the  meter  potential  element  is  con- 
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nected.  A  transformer  having  a  small  low-tension  voltage  and  with 
a  high-tension  side  which  is  connected  to  the  ordinary  low  potential 
lighting  supply  source  through  the  main  switch,  is  mounted  on  the 
back  of  the  panel.  From  the  low-tension  side,  the  load  current  is 
conducted  to  the  selective  switches,  the  controlling  resistances,  the 
watt-hour  meter  under  test  and  the  rotating  standard.  Provision  is 
also  made  for  adjustment  of  the  power-factor  through  adjustable 
inductance  by  means  of  a  hand  wheel  on  the  front  of  the  panel. 

This  testing  panel  is  made  of  slate  and  is  manufactured  by  The 
States  Company,  Syracuse,  N.  Y. 


Standard 


Fig.  237. — Dii^ram  of  Connections  for  One  Potential  Phase  Shifter  used  on  Two-  or 

Three-phase  Circuits. 


The  Potential  Phase-shifter  is  an  apparatus  for  producing  any  de- 
sired power-factor  for  watt-hour  meter  testing,  using  an  ordinary  non- 
inductive  load,  in  the  series  coils  (Fig.  236). 

In  order  to  determine  the  accuracy  of  registration  of  a  watt-hour 
meter  at  any  given  power-factor,  it  is  necessary  to  compare  such 
registration  with  that  of  a  rotating  standard  under  that  particular 
condition  of  phase  relation  between  current  and  potential. 

To  make  such  a  comparison,  however,  it  is  merely  necessary  to  have 
the  desired  phase  displacement  and  it  is  immaterial  whether  the  phase  of 
the  current,  or  the  phase  of  the  potential  is  changed. 
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The  usual  way  is  to  introduce  an  inductive  load  in  combination  with  a 
resistance  load  into  the  path  of  the  current  in  the  series  coil,  thereby 
producing  the  desired  phase  displacement.  It  is  usually  difficult  to  get 
any  large  range  of  load  at  various  power-factors  by  this  means. 

The  potential  phase-shifter  is  an  apparatus  for  bringing  about  the 
desired  phase  relation  between  the  current  and  the  voltage  impressed 
on  the  potential  element  by  changing  the  phase  of  the  voltage. 

The  operation  of  the  potential  phase-shifter  depends  upon  the  fact 
that  two  electromotive  forces  of  different  phases  may  be  combined  to 
form  a  resultant  electromotive  force  having  a  phase  unlike  either  of  the 
components. 

Where  two  electromotive  forces  of  fixed  value  and  phase  are  available, 
as  in  a  normal  two-  or  three-phase  circuit,  a  third  electromotive  force 
may  be  derived  having  any  desired  phase. 

The  apparatus  includes  two  auto-transformers.  One  is  connected  in 
one  phase  of  a  two-  or  three-phase  circuit  and  is  provided  with  a  multi- 
plicity of  taps  for  obtaining  different  potentials  in  that  phase.  The  other 
auto- transformer  also  has  a  multiplicity  of  taps  and  by  connecting  this 
between  the  third  wire  of  the  circuit  and  the  taps  of  the  first  auto- 
transformer,  electromotive  forces  of  various  phases  are  set  up  in  the 
second  auto-transformer.  By  using  the  proper  taps  of  the  second  auto- 
transformer  the  value  of  the  electromotive  force  is  kept  constant 

A  dial  switch  is  connected  to  the  various  taps  of  the  two  auto-trans- 
formers in  such  a  way  that  by  turning  the  switch  handle  a  constant 
electromotive  force  of  predetermined  phase  is  obtained  for  each  position 
of  the  dial  switch.  The  apparatus  is  made  in  two  forms,  one  producing 
phase  changes  from  o  degrees  to  60  degrees  from  the  phase  of  the 
current  in  the  series  coils,  the  other  producing  changes  from  o  de- 
grees to  90  degrees.  The  steps  are  arranged,  not  by  equal  lag 
angles,  but  by  angles  that  give  5  per  cent  differences  in  the  equiva- 
lent power-factor. 

Fig.  237  shows  the  connections  of  a  potential  phase-shifter  for  use 
on  a  three-phase  or  a  two-phase  circuit  and  producing  changes  in 
power-factor  from  i.oo  to  .50  by  .05  steps.  Lower  power-factors  arc 
obtained  by  extension  of  the  winding  of  the  upper  auto-transformer  to 
the  left,  providing  additional  taps. 

Changes  in  the  current  value  through  the  series  coil  of  the  watt-hour 
meter  do  not  affect  the  phase  of  the  current  in  the  potential  element,  as 
furnished  by  the  phase- shifter,  therefore  the  dial  switch  once  set  for  a 
given  power-factor  holds  that  value  over  all  loads. 

An  ordinary  lamp  bank,  or  other  non-inductive  load,  should  be  used 
for  obtaining  the  current  through  the  series  coil  of  the  watt-hour  meter, 
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or  3  watt-hour  meter  testing  load  panel,  which  provides  a  load  having 
a  power-factor  of  .99  to  i.oo  may  be  used. 

When  a  watt-hour  meter  has  been  set  up  and  is  ready  for  test,  the  dial 
switch  should  be  set  by  merely  turning  the  handle  to  the  point  marked 
with  the  power-factor  desired.  If  then  it  is  desired  to  teat  at 
another  power-factor,  the  dial  switch  handle  ts  turned  to  the  point 
marked  with  that  power-factor. 

If  two  loads  and  two  potential  phase-shifters  are  used,  different  nor- 
mal, or  abnormal,  conditions  of  operation  on  a  polyphase  watt-hour  meter 
may  be  duplicated  in  the  laboratory  at  will. 


Fig.  338  shows  one  method  of  connection  for  using  two  of  the  poten- 
tial phase- shifters  with  a  polyphase   watt-hour  meter. 

Fig.  239  shows  a  double  load,  wati-hour  meter  testing  panel  using 
low  voltage  loads  and  two  phase-shifters. 

The  potential  phase-shifter  is  manufactured  by  The  States  Company, 
Syracuse,  N.  Y. 

The  repair  room  is  frequently  combined  with  the  testing  room, 
as  the  two  classes  of  work  can  be  advantageously  carried  on  together. 
Systematizing  the  repair  work  as  well  as  all  other  branches  of  the  de- 
partment, is  essential  to  economical  operation.  "  Have  a  place  for  every- 
thii^,  and  have  everything  in  its  place." 

There  should  be  provided  a  good  solid  work-bench  with  vises  and  a  full 
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equipment  of  necessary  tools,  including  hack-saw 
niers,  files,  pliers,  wrenches,  screw  taps  and  dies. 


brace  and  bits,  ham- 
A  precision  lathe  and 
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small  capacity  drill  press  are  also  desirable.  There  should  be  a  material 
cabinet  of  sufficient  size  to  keep  a  complete  assortment  of  repair  parts  for 
all  the  watt -hour  meter  types  in  use.  By  keeping  an  assorted  stock 
plainly  labeled  and  reordered  as  used,  much  time  can  be  saved  in  making 
repairs  and  a  smaller  stock  o£  meters  will  be  necessary  than  if  the  de- 
fective meters  were  stored,  awaiting  the  arrival  of  repair  parts  which 
were  not  ordered  until  needed.  It  has  been  found  to  be  economical  to 
purchase  most  repair  parts  from  the  manufacturer,  especially  when  con- 
sideration is  given  to  the  extra  time  required  in  readjustment,   if  the 
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parts  are  made  up  and  found  to  be  a  trit^e  out  of  standard.  A  low  box 
with  a  number  of  compartments  has  been  found  convenient  for  holding 
dissembled  watt-hour  meter  parts  so  as  to  prevent  their  loss  or  inter- 
change. A  long  table,  or  bench,  should  be  provided  for  cleaning  and 
numbering  watt-hour  meters. 

The  stock  room  should  if  possible  be  located  near  the  testing 
room,  and  a  small  truck  will  be  convenient  for  transferring  the  watt- 
bonr  meters.  The  meters  should  be  stored  on  shelves  or  racks,  provid- 
ing separate  sections  tor  tested  and  untested  meters,  and  keeping  the 
various  sizes  and  t3T>es  segregated.  A  scheme  of  rack  construction  which 
has  proved  very  economical  in  space  is  illustrated  in  Fig.  240. 
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The  watt-hour  meter  assigned  to  each  installation  should  be  suited 
to  the  voltage,  frequency  and  character  of  the  circuit  and  should  be 
chosen  with  a  view  to  obtaining  the  best  adaptation  to  the  local  condi- 
tion and  to  the  load.  It  is  not  advisable  to  use  commutator  meters  on 
alternating  circuits.  Unlagged  meters  should  never  be  used  on  inductive 
loads. 

While  it  is  possible  to  meter  polyphase  circuits  accurately  with  single- 
phase  watt-hour  meters,  yet  it  is  preferable  to  use  polyphase  meters,  be- 
cause the  installation  is  simplified;  only  one  register  reading  is  re- 
quired, and  complaints  by  the  consumer  that  the  two  single-phase 
meters  do  not  register  equal  amounts  are  eliminated. 

An  objection  advanced  against  polyphase  watt-hour  meters  is  that  if 
one  potential  circuit  opens  it  is  not  readily  detectable,  since  the  meter 
will  continue  to  operate,  although  inaccurately. 

It  may  be  assumed  as  axiomatic  that  it  is  never  advisable  to  install 
a  watt-hour  meter  of  greater  capacity  than  is  necessary  to  efficiently 
and  economically  register  the  load  on  which  it  usually  operates.  Over- 
metering  not  only  increases  the  investment  in  meters,  but  results  in  an 
actual  loss  of  revenue  due  to  light  load  inaccuracy,  as  a  watt-hour  meter 
of  small  capacity  will  register  a  small  load  more  efficiently  than  will 
a  meter  of  larger  capacity;  the  general  tendency  of  watt-hour  meters 
being  to  run  slow,  especially  on  light  loads. 

Watt-hour  meters  are  generally  most  accurate  when  operating  between 
25  and  125  per  cent  of  their  rated  current  capacity.  The  meters  for  a 
given  installation  should  be  so  chosen  that  the  average  load  comes  well 
within  these  limits  and  as  near  to  its  rated  capacity  as  is  possible  with- 
out danger  of  damaging  it  or  impairing  its  accuracy.  Where  the  maxi- 
mum load  is  of  very  short  duration  or  occurs  only  at  rare  intervals,  the 
preference  should  be  toward  smaller  capacity  meters.  If,  however,  the 
duration  of  the  light  load  is  short  compared  with  that  of  the  heavy  load, 
the  watt-hour  meter  should  be  chosen  to  give  the  best  accuracy  under 
the  latter  conditions. 

The  connected  load  is  generally  taken  as  the  sum  of  the  ratings  of 
all  the  apparatus  connected  to  the  circuit.  The  percentage  of  the  con- 
nected load  which  is  in  use  at  any  time  is  dependent  upon  the  char- 
acter of  the  installation  and  the  business  of  the  consumer,  and  it  is 
at  this  point  that  the  greatest  uncertainty  is  encountered  in  choosing 
the  proper  size  of  watt-hour  meter.  In  large  installations,  the  ques- 
tion may  be  settled  by  a  study  of  individual  cases,  but  for  small 
installations  it  is  necessary  to  adopt  general  rules  for  various  classes 
of  consumers. 

In  the  larger  installations,  local  conditions  frequently  require  special 
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consideration  to  secure  the  most  efficient  results.  The  purpose  for  which 
the  building  is  to  be  used  and  the  business  of  the  consumer  are  impor- 
tant factors,  as  the  percentage  of  connected  load  used  will  vary 
largely,  depending  upon  these  factors. 

Some  companies  decrease  to  some  extent  the  difficulties  of  accurately 
metering  an  installation  by  limiting  the  character  of  the  load  to  be  con- 
nected to  the  same  main  and  watt-hour  meter;  as,  for  instance,  separate 
meters  are  required  for  light  and  power  circuits;  separate  meters  are 
required  for  signs,  photographic  arcs,  charging  sets,  and  other  constant 
loads  in  excess  of  certain  limits;  separate  meters  are  required  for  arc 
and  incandescent  lighting  where  the  combined  load  requires  a  watt-hour 
meter  larger  than  will  start  on  one  16  candle-power  lamp,  and  so  on. 
While  usual  practice  shows  that  on  the  average  the  kilowatt  capacity 
of  the  watt-hour  meters  about  equals  the  kilowatt  capacity  of  the  con- 
nected load,  yet  this  is  no  doubt  due  to  the  large  number  of  small  capacity 
watt-hour  meters  installed  on  very  small  capacity  installations;  as  for 
instance,  a  5  ampere  watt-hour  meter  installed  on  two  desk  fans,  or 
two  or  three  lights.  Such  installations  are  of  course  greatly  overme- 
tered,  but  this  is  permissible  for  the  reason  that  it  is  poor  economy 
to  purchase  a  meter  of  smaller  capacity  than  5  amperes. 

in  residences  and  apartments,  watt-hour  meters  rated  at  from  35  to  50 
per  cent  of  the  connected  load  should  generally  be  used,  as  seldom  more 
than  50  per  cent  of  the  lamps  installed  are  used  at  any  one  time.  Occa- 
sionally, during  social,  and  similar  functions,  the  meters  must  with- 
stand a  large  overload,  but  the  losses  due  to  these  overloads,  which 
are  usually  infrequent,  are  more  than  compensated  for  by  the  greater 
accuracy  obtained  on  the  normal  load.  Most  modern  meters  will  with- 
?*tand  at  least  100  per  cent  overload  without  burning  out. 

Ordinary  stores  require  meters  rated  at  about  75  per  cent  of  the 
connected  load,  but  large  wholesale  houses,  where  the  lights  are  in  use 
only  when  exhibiting  goods,  should  be  treated  similarly  to  residences.  It 
is  not,  however,  customary  to  use  watt-hour  meters  of  lower  than  5 
amperes  rating. 

In  small  stores,  saloons  and  similar  places,  where  all  the  lamps  con- 
nected are  usually  burning  at  one  time,  a  watt-hour  meter  should  be 
installed  having  a  capacity  about  equal  to  the  connected  load.  If,  how- 
ever, a  certain  number  of  the  lamps  are  burned  all  night,  it  may  be  de- 
sirable to  install  a  watt-hour  meter  of  less  capacity,  the  determining  fac- 
tor being  the  losses  due  to  overload  for  a  few  hours  considered  against 
the  losses  due  to  light  loads  for  the  longer  period. 

An  examination  of  the  amount  registered  per  month  is  sometimes  an 
iadication  of  the  capacity  of  watt-hour  meter  to  be  installed.     Such  an 
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examination  may  show  that  it  is  advisable  to  replace  a  meter  by  one  of 
greater,  or  less,  capacity. 

Where  the  load  is  practically  constant,  such  as  in  restaurants, 
saloons,  stores  where  all  of  the  lamps  are  used  at  one  time,  signs 
without  flashers  and  moving  picture  arcs  (when  metered  separately 
from  the  auditorium  lights),  the  capacity  of  the  watt-hour  meter 
should   be  approximately  equal  to  the  connected  load. 

For  single  motors  the  meter  capacity  is  usually  equal  to  the  current 
rating  of  the  motor.  For  elevator  and  crane  motors,  and  for  motors  that 
are  started  and  stopped  frequently,  some  companies  consider  that  the 
watt-hour  meter  should  have  a  capacity  of  25  or  50  per  cent  greater  than 
the  nominal  horsepower  of  the  motor;  in  some  instances  even  greater, 
depending  upon  the  starting  current  and  duty  of  the  motor.  When 
several  motors  are  connected  through  the  same  watt-hour  meter,  the 
diversity  factor  of  the  load  often  is  such  that  a  meter  rated  at  much 
less  than   the  combined  ampere  capacities  of  the   motors  may  be  used. 

It  may  frequently  be  found  advisable,  after  an  installation  is  made,  to 
determine  the  maximum  and  minimum  demand,  and  to  change  the  watt- 
hour  meter,  if  necessary,  to  a  greater  or  smaller  size. 

In  large  installations  it  may  sometimes  be  advantageous  to  subdivide 
the  load,  metering  the  various  divisions  independently.  Small  loads  of 
long  duration  should  be  metered  separately  from  large  loads  of  short 
duration.  Two  or  more  loads  whose  maximum  values  are  equal  but 
occur  at  different  times  may  advantageously  be  combined  on  one  watt- 
hour  meter.  Two  or  more  loads  of  unequal  value  may  also  be  combined, 
provided  that  the  smaller  load  is  never  used  without  the  larger.  In  some 
cases,  however,  on  account  of  the  diversity  factor  of  the  installation, 
the  average  percentage  of  full  load  at  which  the  meters  operate  will  be 
reduced  rather  than  increased  by  subdividing  the  installation,  in  which 
case  a  single  meter  should  be  used. 

In  churches,  theaters,  department  stores,  factories,  et  cetera,  separate 
watt-hour  meters  may  advantageously  be  installed  for  the  large  number 
of  lights  used  occasionally  and  the  smaller  number  used  for  cleaning, 
et  cetera,  as  it  is  generally  impossible  to  install  a  single  watt-hour  meter 
that  will  be  of  sufficient  capacity  to  measure  the  maximum  load  and  ef- 
ficiently measure  the  minimum  load.  In  such  cases  the  circuits  should 
be  divided,  and  several  watt-hour  meters  should  be  installed.  For  in- 
stance, in  such  buildings  it  is  customary  at  times  through  the  day, 
and  during  the  hours  of  cleaning,  to  use  only  a  very  small  percentage 
of  the  lamps,  and  to  endeavor  to  measure  the  current  used  by  these 
lamps  with  a  watt-hour  meter  of  sufficient  capacity  to  measure  accu- 
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rately  the  entire  installation,  involves  a  loss  that  can  usually  be  saved 
by  using  separate  circuits  and  two  or  more  smaller  watt-hour  meters. 

Aside  from  the  question  of  accuracy  of  metering,  the  subdivision  of 
the  installation  has  the  advantages  that  the  consequences  of  failure  or 
error  in  a  single  meter  are  lessened,  less  special  equipment  for  testing  is 
needed,  and  reasons  for  fluctuations  in  the  bills  are  most  easily  deter- 
mined. Its  disadvantages  are  that  the  investment  and  the  labor  of  test- 
ing, reading  and  billing  are,  on  the  whole,  increased,  and  that  on  ac- 
count of  the  diversity  factor  of  the  installation,  the  smaller  watt-hour 
meters  must  have  a  greater  aggregate  capacity  than  would  be  required  in 
a  single  meter  for  the  whole  installation. 

In  very  large  installations  which  are  metered  as  a  single  circuit,  it  is 
sometimes  found  advantageous  to  connect  several  watt-hour  meters  in 
parallel,  instead  of  using  a  single  meter  of  large  capacity.  Especial  pains 
must  be  taken  to  insure  equal  resistances  in  the  various  current  circuits  to 
prevent  overloading  any  of  the  meters. 

Watt-hour  meters  must  be  handled  carefully  at  all  times.  They 
are  instruments  of  precision.  The  greatest  care  has  been  exercised  in 
their  design  and  manufacture  by  their  makers,  and  to  retain  this  con- 
dition they  must  be  considered  as  delicate  instruments  antl  treated  as 
such  at  all  times. 

The  routine  of  handling  followed  in  specific  cases  depends  greatly 
on  local  conditions.  Suggestions  which  would  apply  to  small  companies 
might  not  be  feasible  for  the  larger  ones.  Therefore,  it  must  be  left  to 
the  management  to  apply  the  suggestions.  After  the  watt-hour  meters 
have  been  received  from  the  manufacturer,  and  checked  with  the 
order,  by  the  general  stock  room,  they  should  be  in  the  custody  of 
the  meter  department,  although  it  is  the  practice  in  some  companies 
to  return  them  to  the  custody  of  the  general  stock  room  after  being 
tested,  and  to  issue  them  therefrom  upon  requisition  from  the  instal- 
lation department.  Where  space  will  permit  and  the  watt-hour  me- 
ters are  in  the  modern  individual  cartons,  it  is  found  better  to  unpack 
them  only  as  needed,  thereby  saving  both  handling  and  extra  storage 
shelves. 

New  watt-hour  meters  should  be  unpacked  with  care  and  given  a 
general  examination  for  damage  in  transportation,  marked  according  to 
the  company's  method  of  identification  and  entered  in  the  stock  records. 

They  should  be  carefully  examined  for  any  mechanical  defects  that 
will  prevent  their  proper  operation.  The  constants  should  be  checked,  and 
the  insulation  should  be  tested  to  see  that  none  of  the  circuits  are  grounded 
on  the  meter  frame,  and  other  inspections  should  be  carefully  made. 
Thev  should  be  tested  and  calibrated  on  the  standard  loads  to  ascertain  ^^ 
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that  the  meter  can  be  properly  adjusted.  Induction  watt-hour  meters 
should  be  tested  to  ascertain  if  they  are  properly  lagged  and  will  register 
accurately  on  non-inductive  loads,  and  also  on  inductive  loads  of  0.50  to 
0.70  power-factor. 

In  this  case  of  new  meters,  readings  for  accuracy  should  be  taken  as 
a  check  on  the  manufacturer  and  to  disclose  injuries  received  during 
transportation. 

The  meters  should  be  carefully  examined  to  detect  defects  and  errors 
in  manufacture  and  to  insure  that  all  mechanical  parts  are  in  proper  ad- 
justment. 

Watt-hour  meters  returned  from  service  should  be  treated  sub- 
stantially as  are  new  meters,  and,  in  addition,  each  one  should  be 
thoroughly  overhauled  and  put  into  a  state  of  repair  equal  to  that  of 
a  new  meter. 

In  the  case  of  watt-hour  meters  returned  from  service  it  is  de- 
sirable that  register  readings  and  readings  of  accuracy  "  as  found "  be 
taken  before  any  changes  are  made  in  the  meter.  These  reading^s, 
if  taken,  should  be  recorded  for  use  in  settling  possible  complaints 
involving  the  time  between  the  last  test  of  the  meter  and  its  re- 
moval. 

There  are  several  methods  in  use  for  numbering  watt-hour  meters. 
Every  company  will  find  it  advantageous  to  number  its  watt-hour 
meters  serially.  Some  companies  use  the  manufacturers*  numbers, 
but  this  system  is  objectionable,  as  the  numbers  are  not  consecutive 
so  far  as  the  individual  company  is  concerned.  The  simplest  method 
of  serially  numbering  watt-hour  meters  is,  of  course,  to  number 
them  from  i  up,  irrespective  of  the  make,  capacity  and  other  char- 
acteristics, but  this  system  does  not  have  the  advantage  of  describing 
the  meter.  Some  companies,  therefore,  have  adopted  a  desig^nating 
system  of  numbering,  examples  of  several  of  which  follow. 

The  number  may  consist  of  two  parts,  separated  by  a  letter  which 
indicates  the  make  or  name  of  the  meter.  This  first  part  of  the 
number  indicates  the  capacity  of  the  watt-hour  meter  in  amperes 
and  volts,  and  also  whether  it  is  two-  or  three-wire.  The  second 
part  is  the  serial  number  proper,  each  size  of  each  make  of  the  meter 
being  numbered  serially  from  i  up. 

The  first  part  of  the  number,  which  may  be  called  the  capacity 
number,  always  consists  of  three  figures,  except  in  the  case  of  three- 
wire  meters,  which  are  all  of  220  volts;  therefore  the  number  corre- 
sponding to  the  voltage  is  omitted.  The  voltages  and  number  desig- 
nating each  are  as  follows: 
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100  represents  100-124  volts, 
200  "  200-240  volts, 

300         "  500-600  volts. 

The  letters  designating  the  make  or  name  of  the  meters  are  as 
follows: 

K  represents  Fort  Wayne  Type  K  watt-hour  meters, 
T  "  Thomson    Recording   wattmeters, 

W  "    •       Westinghouse  watt-hour  meters. 

The  ampere  capacities  of  all  numbers  manufactured  are  arranged  in  nu- 
merical order  and  are  numbered  consecutively  from  i  up.  The  ampere 
capacity  of  the  watt-hour  meters  and  the  corresponding  capacity  numbers 
for  the  different  voltages  are  as  follows: 

Capacity  Amperes 

Number     .  Capacity 

1  3 

2  3V2 

3  5 

4  7V2 

5  10 


Two-wire, 
ixo  Volts 

Two-wire, 
aao  Voltt 

Three-wire, 
320  Volts 

lOI 

201 

I 

102 

202 

2 

103 

203 

3 

104 

204 

4 

105 

205 

5 

15         100         115       215       15 

For  example,  105-K-12  represents  no  volt,  two-wire,  10  ampere, 
Fort  Wayne  Type  K  watt-hour  meter  No.  12. 

203-T-22  represents  220  volt,  two-wire,  5  ampere  Thomson  Recording 
Wattmeter  No.  22. 

For  preserving  a  record  of  the  meters  a  card  index  is  used.  Cards 
having  the  same  capacity  numbers  are  filed  together  serially  for 
each  make  of  meter,  the  different  capacity  numbers  being  separated 
by  guide  cards.  The  cards  are  arranged  under  the  headings  **  Meters 
in  Service,"  "Meters  in  Stock"  and  "Meters  Ordered,"  and  by  this 
means  the  total  number  of  every  size  and  make  of  meter  in  service, 
in  stock  and  on  order  can  be  readily  determined  within  a  few 
minutes. 

Another  method  of  numbering  watt-hour  meters  in  use  is  as  follows: 


Lmp 
80 

eres 

130 

ISO 

200 

300 

400 

\ 

Wire 

and 

Volts 

2-100 

2-100 

2-100 

2-100 

Mfr's 

Type 

B 
A 
C 

CD 

Public 
Service 
Group 

20 

20 

20 

20 

9 

2^100 

CE 

20 

5 

6 

7 

8 

9 

0 

2-100 
2-100 

CF 
OA 

20 

40 
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KEY   TO   WATT-HOUR   METER   NUMBER   SYSTEM 

Go's  Capacity  b 

Type  5      10      20      40 

A  1234 

B  12 

C  123 

D  1234 

E  1234 

F  1234 

*G  I      2 

H 

1  8  o    2-100    CQ  I 

J  I  2-100    I-io       30 

K 

L 

M  12      3      4  3-100     B  20 

N 

O  I  3-100    C-6  I 

P  1234  3-100    C  20 

Q  12.34567890    3-100    CF         20 

fc  12345  3-100    CD        20 

*S  I      2  3-100    OA        40 

T  12345  3-100    CE        20 

U  12  3-100    OA        40 

V 

W 

X 

Y  234567890    PP-200    CA      50 

YY  4      5  PP-ioo    CA     50 

Z  23456789  PP-200    CB      50 

ZZ  4      5  PP-IOO    CB      50 

♦Bottom  connected. 

In  using  this  method,  the  order  of  designation  will  be:  first,  type;  sec- 
ond, current  capacity;  third,  serial  number.  The  type  letter  in  this  case 
will  show  the  Public  Service  group  and  manufacturer's  type,  voltage 
and  wire. 

For  example:  number  A  1123  would  represent  a  Type  "A"  meter  be- 
longing to  Group  20  of  approved  watt-hour  meters,  the  meter  being 
the  Westinghouse  type  B,  no  volts,  two-wire';  the  first  figure  i  means 
that  the  capacity  is  five  amperes,   and   123  is  the  serial  number.    This 
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system,  when  it  can  be  applied,  it  is  believed,  will  greatly  facilitate  the 
work  in  all  of  the  departments  having  to  do  with  the  watt-hour  meters. 
It  is  sometimes  required  to  change  a  meter  for  some  reason,  and  it  is 
important  that  the  meter  be  replaced  with  one  of  the  same  size  and  type. 
This  is  particularly  true  where  watt-hour  meter  connection  boxes  are  in 
use  (Chapter  XIV).  It  is  ordinarily  necessary  to  get  this  informa- 
tion over  the  telephone  from  the  meter  department,  or  from  some 
other  record.  By  means  of  the  above  scheme,  as  comparatively  few 
sizes  and  kinds  of  watt-hour  meters  are  handled,  one  will  soon  be- 
come familiar  with  the  designating  letter  and  figure,  so  that  it  will 
not  be  necessary  to  refer  to  any  record.  In  order  that  the  two-wire 
meters  may  be  distinguished  from  the  three-wire  meters,  diflferent 
classes  have  been  given  letters  in  certain  sctions  of  the  alphabet,  as 
indicated  in  the  table. 

Some  companies  that  have  a  very  large  number  of  meters  find  it 
convenient  to  use  an  embossing  machine  for  stamping  serial  num- 

H  7852     5     3    PI 

Pig.  241. — ^Aluminuxn  Numbering  Plate  for  Watt-hour  Meters. 

bcrs  on  a  strip  of  aluminum,  which  is  then  riveted  to  the  watt-hour 
meter  cover.  Other  companies  use  a  brass  tag;  others  merely  sten- 
cil the  number  on  the  cover,  while  still  others  print  the  number  on 
a  strip  of  paper,  which  is  shellaced  on  to  the  cover. 

It  might  be  necessary  to  paint  the  serial  numb'^r  nn  the  inside  of  the 
meter  to  insure  against  the  cover  being  pbccd  en   the  wrong  meter. 

One  company  who  uses  these  alumir'tni  strips  for  labeling  has  devised 
the  following  designating  system  of  numbering: 

Notation  for  aluminum  name  plates  for  watt-hour  meters:  Fig.  241. 

The  first  designation,  the  manufacturer  and  type,  is  by  a  letter,  or  let- 
ters, viz.: 

H,  for  General  Electric,  60  cycle,  single-phase,  induction  meters.  Type  I. 
S,  for  General  Electric,  25  cycle,  single-phase,  induction  meters.  Type  I. 
Hx,  for  General  Electric,  60  cycle,  single-phase,  induction  meters,  Type 

I- 10. 
P,  for  General  Electric,  60  cycle,  polyphase,  induction  meters.  Type  D-3. 
WH,  for  Westinghouse,  60  cycle,  single-phase,  induction  meters.  Type  C. 
WHO.    for    Westinghouse,    60    cycle,    single-phase,    induction    meters, 

Type  OA. 
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WS,  for  Westinghouse,  25  cycle,  single-phase,  induction  meters,  Type  C- 
WP,  for  Westinghouse,  60  cycle,  polyphase,  induction  meters,  Type  C. 
WSP,  for  Westinghouse,  25  cycle,  polyphase,  induction  meters.  Type  C- 
R,  for  General  Electric,  Commutator  Type  M  meters,  rebuilt  by  company. 
C,  for  General  Electric,  Commutator  T3rpe  C,  C-6,  C-7  or  CQ  meters. 
CS,  for  General  Electric,  Commutator  Type  CS,  switchboard  type. 
E,  for  General  Electric,  Commutator  Type  E,   switchboard  type. 

The  second  designation,  the  company's  number,  is  by  a  number, 

3  digits   starting  with    loi    for  Form   S,   FI,  JE-3,   GE,   polyphase   GE 

Type  D-3  and  Westinghouse  polyphase  Type  C. 

4  digits  starting  with  1,001  for  Form  J,  JN,  F,  FN,  J-3,  D-3,  RBI,  GE 

and  CS,  C,   CQ,   C-6,   C-7  Commutator  meters  and  GE  Type    I 
and  Westinghouse  Type  C  single-phase  induction  meters. 

5  digits  starting  with  10,001  for  Form  J-2,  D2,  I- 10  and  rebuilt  T.  R. 

wattmeters. 

The  third  designation  is  the  current  rating,  by  a  number,  viz. : 

5  for  nominal  rating  of  5  amperes. 

10  for  nominal  rating  of  10  amperes,  et  cetera. 

The  fourth  designation,  the  voltage  and  number  of  wires,  is  by  a 
number,  viz.: 

1  for  nominal  100- no  volt,  two-wire  i  0,  or  loo-iio  volt  polyphase  meters. 

2  for  nominal  200-220  volt,  two- wire  i  0,  or  200-220  volt  polyphase  meters. 

3  for  nominal  200-220  volt,  three-wire  i  <t>  meters. 

4  for  nominal  400-440  volt,  two-wire  i  0,  or  400-440  volt  polyphase  meters. 

5  for  nominal  550-volt,  two-wire  i   0. 

The  fifth  designation,  the  kind  of  a  register,  is  by  a  letter,  viz.: 

A  for  5  hand  non-direct  reading  register,  in  watt-hours. 

B  for  cyclometer  dials  on  R.B.I.  meters. 

C  for  cyclometer  dials  on  all  other  meters. 

D  for  4  hand  direct  reading  register,  in  kilowatt-hours. 

The  sixth  designation,  the  register  constant,  is  by  a  number,  viz. : 

1  for  register  constant  of     i 

2  for  register  constant  of     2  or  % 
4  for  register  constant  of     4  or  % 

10  for  register  constant  of  10,  etc. 
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Note:  Current  transformers  supplied  with  watt-hour  meter  by  maker 
shall  have  same  name  plate  as  watt-hour  meter  itself. 

Watt-hour  meters  used  with  odd  current  transformers  should  be 
name-plated  as  though  no  transformers  were  used. 

Still  another  method  follows: 
KEY    FOR    SERIALLY    NUMBERING    ELECTRICITY    METERS 


Column  No.  i 

ColuzDn  No.  a 

Column  No.  3 

I. 

3 

amperes 

A.  Copper    Disk      G  E 

(0.)  Two- wire,     55 

volts 

2. 

3y« 

« 

B.  Aluminum'  Disk     " 

(l.)       "       "        1 10 

3. 

5 

tt 

C.  Type  C 

(2.)        "        "         220 

4- 

7% 

tt 

D.  Type  C-6  &  C-7       " 

(3.)  Three- wire,  220 

5. 

10 

it 

E.   Duncan 

(4.)  Two- wire,  440 

6. 

15 

ti 

F.  Sangamo  Mercury 

(5.)       "      "       550 

7- 

20 

it 

G.  Columbia 

& 

25 

n 

H. 

9- 

30 

tt 

I. 

10. 

40 

t* 

J. 

II. 

50 

tt 

K.  Type  K  Ft.  Wayne 

12. 

75 

tt 

L.     "     Ki  "       •• 

13. 

80 

tt 

M.     ••     K2  "       " 

14. 

100 

tt 

N.     "    K3  "       '* 

15. 

120 

tt 

0.  Not  in  use 

16. 

125 

tt 

.P.  Type  K4  Ft.  Wayne 

17' 

150 

tt 

Q. 

18. 

200 

tt 

R.  Westinghouse  CD 

19. 

300 

tt 

S.             "             CE 

20. 

400 

tt 

T.             "             CF 

21. 

450 

tt 

U.  Gen.  Elec.  Type  I 

22. 

600 

tt 

V.     "        "       "  I-io 

23. 

800 

tt 

W. 

24.  1,200 


It 


X.  Westinghouse  OA 

Y.  Polyphase  (3) 

Z.  Miscellaneous  A  C 


The  numbers  in  Column  No.  i  stand  for  ampere  capacity;  the  letters 
in  Column  No.  2,  make  and  type,  and  the  numbers  in  Column  No.  3,  for 
the  voltage  and  whether  two-  or  three-wire. 

There  are  four  sections  to  the  meter  number. 

In   forming   the   meter   number   the   proper   number   is   selected   from 
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Column  No.  i,  the  letter  from  Column  No.  2,  the  number  from  Column 
No,  3.    The  fourth  section  of  the  number  is  selected  as  follows: 

For  any  combination  of  the  above  mentioned  three  columns,  the  watt- 
hour  meters  are  numbered  consecutively,  starting  at  i. 

For  examples: 

II  C  3  91  is  a  so  ampere,  G. E.Type  C,  three-wire,  220  volt  and  91st  meter. 
3  P  I  2  is  a  5  ampere,  Ft.  Wayne,  Type  K4,  two-wire,  no  volts,  and  2d 

meter. 
II  YU  3  I  is  a  so  ampere  G.  R  polyphase  three- wire,  220  volts,  and  ist 

meter. 
Note:  In  practice  there  is  no  spacing  in  the  number. 

Another  method  is  in  use  where  many  types  of  watt-hour  meters  are 
utilized,  a  number  of  which  bear  a  register  constant,  oftentimes  a  frac- 
tion, such  as  V2,  or  ^/^.  The  older  types  may  also  read  in  parts  of  kilo- 
watt-hours, say  in  hectowatt-hours.  The  numbers  are  riveted  through 
the  cover  and  consist  of  a  zinc  strip,  blue  in  color,  with  raised  figures 
from  which  the  color  has  been  removed.  The  types  of  watt-hour  meters 
are  first  divided  into  six  classes,  represented  by  the  following  letters: 

K  represents  meters  having  4  dials  and  reading  in  kilowatt-hours,  K 
being  the  initial  letter  of  kilowatt-hour. 

M  represents  meters  having  4  dials  and  reading  in  kilowatt-hours,  but 
which  are  power  watt-hour  meters;  hence  the  letter  M,  which  is  the 
Roman  numeral  for  1,000,  representing  the  kilowatt-hour. 

S  represents  meters  having  4  dials  and  reading  in  kilowatt-hours,  but 
which  are  single-phase  power  watt-hour  meters,  and  for  this  reason  are 
designated  by  the  letter  S,  the  first  letter  of  the  word  single. 

T  represents  meters  having  5  dials  and  reading  in  watt-hours,  but 
which  are  three-phase  power  watt-hour  meters,  and  for  this  reason  are 
designated  by  the  letter  T,  the 'first  letter  of  the  word  three. 

C  represents  meters  having  5  dials  and  reading  in  hundreds  of  watt- 
hours,  hectowatt-hours;  hence  the  letter  C,  which  is  the  Roman  numeral 
for  100,  representing  the  hectowatt-hour. 

D  represents  meters  having  5  dials  and  reading  in  watt-hours,  but 
which  are  "  direct  current "  power  watt-hour  meters,  500  volts,  and 
for  this  reason  are  designated  by  the  letter  D,  the  first  .letter  of 
"  direct,"  also  the  Roman  numeral  for  soo,  the  voltage  of  the  meters. 

After  the  above  classification  by  letters  further  classification  is  made  by 
numbers,  and  this  is  so  arranged  that  of  those  watt-hour  meters  bear- 
ing register  constants,  a  verification  of  that  constant  may  be  made  at  a 
ice. 
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The  older  types,  Class  C,  watt-hour  meters,  which  have  the  greatest 
variety  of  register  constants,  are  numbered  as  follows: 

Numbers  up  to  1,000 

between  1,000  &  1,500  (note  i  &  5) 
1,500  &  2,500  (note  I  &  2) 
2,500  &  5,000 
begin  with  5,200  (note  the  2) 


« 

<«  «i 


denote 

K, 

— 

i 



i 

i 

0 



2 

— 

4 
6 

^= 

8 



10  &  12 

—— 

20 



100 

"  "  "  5,400  (  "  "     4) 

"  "  "  5,600  (  "  "    6) 

"  "  "  5,800  (  "  "     8) 

"  "  "  6,000  (  "  "odd figures) 

"  "  "  6,500  (  "  "   "       "      ) 

"  "  "  6,700  (  "  "   "       "      ) 

This  table  may  be  memorized  and  the  register  constants  verified. 

The  D  class  of  watt-hour  meters  is  numbered  on  the  same  plan: 

Numbers  beginning  with  7,000  denote  K^  =    I 

"     7,200       "         "    =    2 


<( 

it 

« 

n 

<( 

tt 

(( 

it 

"    .        "         "    7,700     "       "   =  10 

"       7,900         "  "     =  20 

The  other  four  classes  bear  register  constants  of  10,  or  a  multiple  of  10. 
usually  100,  and  are  numbered  as  follows: 

For  class  K  watt-hour  meters — 
Numbers  beginning  with  40,000  denote  K^  =  100 

"     50,000        "        "   =   10 
"     60,000        "        "   =     I 

For  class  M  watt-hour  meters — 
Numbers  beginning  with  15,000  denote  K^  =  100 

"     20,000        "        "   =    10 
"     30,000        "        "    =     I 

For  class  S  watt-hour  meters — 
Numbers  beginning  with  10,000  denote  K^  =      i 

"      14,000        "        "   =    10 

For  class  T  watt-hour  meters — 

Numbers  beginning  with    8,000  denote  K^  =  100 

"       8,400        "        "    ==  miscellaneous 
"       8,500        "        "   =    10 
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In  addition  to  this  the  ampere  capacity  and  voltages  are  designated 
by  allotting  i,ooo  numbers  to  each  capacity  as  follows: 

For  class  K  watt-hour  meters — 


Numbers 

beginning 

with 

55,000, 

100 

amp., 

220  v.. 

denote 

K,  =  io 

(( 

ti 

56,000, 

150 

(( 

220   " 

4< 

"  —10 

(( 

<< 

57,000, 

200 

it 

220  " 

*t 

••  =10 

tt 

« 

60,000, 

3 

tt 

100  " 

tt 

"  —    , 

it 

tt 

61,000, 

5 

tt 

100  " 

tt 

I 

<< 

it 

66,000, 

10 

tt 

100   " 

tt 

*  —    I 

<< 

tt 

70,000, 

3 

it 

220  " 

tt 

•  =    I 

i% 

tt 

76,000, 

10 

It 

220   " 

ft 

"  —   I 

By  this  system,  a  watt-hour  meter  once  properly  numbered  can 
be  checked  as  to  ampere  capacity,  volts  and  register  constant  by 
comparison  with  the  tables. 

After  meters  are  numbered,  cleaned  and  tested,  those  meters  which 
meet  all  test  requirements  are  scaled  and  placed  on  the  trucks,  and  then 
delivered  to  the  stock  room  ready  for  issuance  for  service. 

It  is  customary  to  store  watt-hour  meters  on  shelves,  or  racks,  several 
tiers  in  height,  providing  sections  for  tested  and  untested  meters,  the 
various  sizes  and  types  being  kept  segregated. 

From  the  tested  stock  the  watt-hour  meters  are  delivered  to  the 
installers,  who  then  take  them  out  in  horse-drawn  wagons,  street 
cars,  electric  and  gasoline  automobiles,  motor  cycles  or  bicycles. 
All  of  these  vehicles  for  transportation  should  be  provided  with 
special  watt-hour  meter  compartments  with  cushions  on  the  bottom, 
or  some  material  which  will  protect  the  meters  from  being  jarred 
in  transportation. 

A  suggested  arrangement  would  be  to  have  a  bed  of  excelsior,  or 
cushion,  on  the  bottom  of  the  wagons,  on  which  the  watt-hour  meters 
are  placed.  One  company  has  made  a  shoulder-strap  arrangement, 
with  snaphooks  on  them,  to  fit  over  the  shoulders  of  the  men.  This 
arrangement  allows  the  men  to  carry  four  watt-hour  meters,  two 
in  front  and  two  behind,  using  street  cars  as  a  method  of  trans- 
portation. This  allows  the  men  free  use  of  both  hands  to  carry  the 
necessary  lamps. 

.An  advantageous  system  of  installing  watt-hour  meters  is  to  have 
an  automobile  deliver  the  meters,  lamps,  etc..  and  have  the  installers  fol- 
low up  the  delivery  trucks.  The  following  diagrams  indicate  graphically 
suggestive  routine  in  the  handling  and  maintenance  of  watt-hour  meters 
(Figs.  242  and  243). 
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Watt-hour  meters  removed  from  service  are  placed  on  certain 
shelves,  or  racks,  provided  for  that  purpose.  The  meter  numbers 
and  register  readings  should  be  checked  by  a  clerk.  This  considerably 
assists  where  the  companies  turn  their  dial  hands  back  to  zero  before 
reinstalling. 

The  question  of  serTice  watt-hour  meter  location  should  be  care- 
fully  considered   in  the   first   stages   of  laying   out   the   installation. 


Factory 

New  Meters 


Stock 


Repair    Shop 

AuMltcrs  Repaired 
And  CALiftffATco 


£. 


J 


Room 


Meter  Installed  in  Service  on  Consume rS Premises 


Installation  Test 


periodic  tests 

Large  Consumer  Tests-— Speci- 
ally Selected  List  of  Meters  Controlling 
Large  Revenues.  These  Meters  Receive 
Special  Attention,  and  Tests  on  thenn  Take 
Precedence  over  All  Others  Except  Conn- 
plaint  Tests. 

Induction  Types— Single  Phase- 
Tested  Once  Each  Elghieen  Months. 

Polyphase — Tested  Once  Earh  Twelve 
Months. 

COMMUTATORj  TYPES- —;Pe'«od  of 
Time  between  Tests  Arbitrarily  Established, 
Generally  on  the  Basis  of  One  Test  for  Each 
Million  of  Disk  Revolutions.  Although  Meters 
are  frequently  allowed  to  exceed  this,  Every 
Meter  is  tested  once  m  each  Twelve  Months. 


COMPLAINT 
TEST 

Requests*  for 
tests  originate  m 

(I)  Accounting 
Deo't  Billing  Div.: 

For  "DropX'" 
Bill". 

Abnormal  in- 
crease. 

(2)Gener'IA(rT's 
Dep'tCompl't  Div. 

C'o  n  s  u  m  e  r '  s 
Complaint. 

(3)  Meter  Div. 

Meter  Readers' 
Reports. 


RESTORA- 
TION TESTS 

When  Meters 
are  Reconnected 
after  having  been 
"  Discontinued  for 
the  Season  "  they 
are  Considered  as 
Ne^  Installations 
as  far  as  Testing  is 
Concerned. 


Mr-rrpnici»oKj-riKiiirrv  CroR Total  Discontinuance) 
[METER  UISCONTINUED  (For  Repair.  Overload, Underload.; 


Pig.  242. — Suggestive  Diat^ram  of  Routine  of   Handling  Watt-hour  Meters. 


The  continued  accuracy  of  the  meter  is  dependent  to  some  extent 
on  its  location.  As  the  meter  registers  the  income  of  the  company,  and 
as  the  meter  !x)ard  is  in  many  cases  the  distributing  point  where  fu-ses  and 
switches  arc  located,  it  is,  therefore,  not  only  for  the  sake  of  accuracy, 
but  for  convenience  in  reading  and  testing  and  operation,  to  the  interest 
of  both  the  consumer  and  the  company  that  a  suitable  U)calion  be  pro- 
vided. 

In   new  buildings,  especially  in  the  case  of  large   office  buildings 
%nd  aoartment  houses,  special  watt-hour  meter  closets  of  amole  size 
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should  be  provided  in  the  halls  or  the  basement,  from  which  sepa- 
rate circuits  run  to  the  different  suites.  The  company  should  keep 
the  architects  and  contractors  informed  as  to  the  requirements,  and 
the  provisions  for  installing^  the  meters  must  be  such  as  to  meet  the 

Rouiinm  HanJIinw  of  Watt-Hour  M»f«r«. 

'Rmemvmd  and  chockad  from 

Factory  by  Coneral  Stock  Room. 

Unpackmd. 

DmUvrmd  to  Motor 
Dopartmmnt  Stock  Room. 

Storod  on  racks  untii 
Cleaned  and  Namborod. 

Tmttod  and  adjumtmd  for 
Gear  ratio,  poor 
*  moshinWf  bad  tooth 
creeping  and  accuracy. 

Stored  in  Stock  Room. 

^V 

inetailod 
by  fnetaOation  Department. 

Upon  diecontinuation  removed 
by  inetallation  Department. 


V 


Cleaned  and  Repaired. 
Reteated. 


\ 


Storedlin  Stock  Room. 

Pig.  343. 

approval  of  the  company's  representative,  especially  in  regard  to 
facilities  for  testing.  In  old  buildings  it  often  occurs  that  an  ideal 
location  cannot  be  obtained,  and  a  compromise  must  be  made  by 
choosing  the  location  with  the  fewest  undesirable  features. 

Watt-hour  meters  should  be  installed  in  the  nearest  suitable  location 
to  the  point  where  the  service  enters  the  building. 
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PLACE  METER  BOARD  HERE 

READ  CAREFULLY 

The  Buffalo  General  Electric  Company  will  run  the  niaiu<i  from 
t'lie  pole  to  a  point  20  ft.  from  the  ground.  Consinner  must  run 
from  this  point  to  his  load  with  not  less  than  No.  8  rubber  covered 
wir^.  n-hich  must  he  enclosed  in  conduit  with  approved  fittings  ap 
to  the  meter,  Aii  boxes  between  entrance  of  building  and  meter 
must  be  drilled  for  sealing.  A  board  fastened  eeemrely  to  the 
wall  must  be  provided  for  the  meter  This  board  to  be  of  %"  snfi 
pine  with  2  coats  of  hiack  paint.  AU  dimeneione  of  board  and 
pipe  ending  must  be  as  indicated  in  cut  below.  Aii  space  on 
meter  board  shown  below,  to  be  reserved -for  meter  and  seryice  box. 
If  space  for  additional  fuses  is  required  the  board  must  be  made 
larger  to  care  for  them. 

T  I    I 
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contractor 

should  ioatall 

board  a;id 

tenrice  first, 

as  the 

company  will 

do  no  work 

on  premises 

until  such  is 

done. 


.1 


The  Board  of 
Fire  Under- 
writers 
require  that 
your  wiring 
and  fixtures 
be  inspected 
before  we 
give  you 
current. 


16' 


Standard  meter  board  for  100  and  200  volts.  D.  C.  or  A.  C. 
single  phase,  two  wire,  up  to  and  including  50  amperes,  or  220 
volts,  D.  C.  or  X.  C.  single  phase,  three  wire,  up  to  and  including 
25  amperes  capacity. 

Any.chsBges  in  the  above  must  be  approved  by  the  Company's 
Inspector.  When  the  above  instructions  have  been  complied  with, 
phone  the  Meter  Dep't  of  the  Company  (Frontier  3429  or  Seneca 
2S30)  for  a  6nal  inspection. 

BUFFALO  GENERAL  ELECTRIC  CO. 


vw^^     4.  i 


.Ta.  <.*..•.,«»*! 


.a   *■*>.    C*^^*.^^m^^. 
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Meter  boards  are  usually  placed  by  the  company,  but  when  watt- 
hour  meters  are  to  be  placed  on  switchboards,  the  consumer  or  con- 
tractor should  do  the  necessary  drilling,  the  proper  template  or 
drawing  being  furnished  by  the  company  upon  request.  The  illus- 
tration (Fig.  244)  represents  a  card  which  one  company  uses  to  indi- 
cate to  contractor  what  location  has  been  selected  for  the  con- 
sumer's watt-hour  meter.  This  company  does  not  place  the  meter 
board,  and  complete  instructions  to  contractor  are  given  on  the  card. 
Some  companies  issue  their  instructions  to  contractors  in  book  or 
pamphlet  form. 

The  circuit  should  be  enclosed  in  continuous  iron  conduit  from  the 
service  to  the  meter.  The  requirements  of  the  meter  should,  there- 
fore, be  considered  in  locating  the  service,  and  the  inspector  who 
determines  the  location  of  the  service  should  either  have  sufficient 
knowledge  of  the  meter  to  know  what  to  avoid  or  should  work  under 
rules  which  are  adequate  to  insure  the  proper  results.  The  require- 
ments of  a   suitable   meter   location   are   given    in   the   following  clauses. 

The  watt-hour  meter  should  be  accessible  with  a  minimum  of 
annoyance  to  the  tenants;  should  be  so  located  that  it  may  be  easily 
read  and  should  have  sufficient  space  around  it  so  that  the  tester  has 
no  difficulty  in  arranging  and  using  his  apparatus,  or  in  inspecting 
and  adjusting  the  meter. 

The  watt-hour  meter  should  be  installed  not  more  than  7  feet 
from  the  floor,  on  a  stable  support,  in  a  clean,  dry,  safe  place,  free 
from  vibration  and  magnetic  disturbances.  Among  undesirable  loca- 
tions may  be  mentioned  the  following:  In  bedroom  closets,  bath  or 
toilet  rooms,  attics,  coal  bins,  elevator  or  ventilating  shafts;  near 
stoves  or  radiators,  steam  or  gas  piping,  electric  machinery;  over 
doors,  or  on  wooden  partitions. 

The  location  selected  should  be  free  from  moisture,  and  in  this 
connection  the  possibility  of  future  moisture  resulting  from  "  sweat- 
ing" should  be  considered,  i.e.,  a  watt-hour  meter  should  never  be 
placed  under  a  waterpipe,  from  which,  as  a  result  of  '*  sweating," 
water  may  drip.  When  a  damp  location  is  unavoidable,  a  moisture- 
proof  box  should  be  provided  to  contain  the  meter. 

Watt-hour  meters  should  be  so  located  that  they  will  not  be  ex- 
posed to  mechanical  injury.  This  requirement  makes  it  undesirable 
to  place  a  meter  at  a  less  distance  than  five  or  six  feet  from  the 
floor.  If  it  should  be  necessary  to  locate  the  meter  near  the  floor, 
or  in  a  position  where  it  would  be  exposed  to  mechanical  injury,  a 
good  stout  box  must  be  provided  to  contain  the  meter,  and  thus 
horoughly  protect  it  from  any  possible  damage. 


METER  SHOP  341 

The  location  of  the  watt-hour  meters  and  the  service  cut-outs 
upon  the  premises  of  any  person  other  than  the  one  whose  installa- 
tion is  controlled  by  them  is  to  be  avoided  unless  they  are  accessible 
at  all  times. 

In  cases  where  it  is  necessary  to  recess  a  meter  in  the  wall,  a  meter 
cabinet  must  be  provided,  the  walls  and  door  of  which  must  be  made 
of  some  fireproof  material.  If  metal  is  used,  it  should  not  be  iron  or 
steel  and  must  be  covered  with  some  form  of  insulation  so  as  to  prevent 
the  possibility  of  a  short  circuit  when  connecting,  disconnecting  or  test- 
ing meters. 

When  a  number  of  watt-hour  meters  are  installed  together,  the 
distance  between  centers  should  not  be  less  than  15  inches. 

The  following  remarks  on  wiring,  deal  only  with  those  aspects  of 
wiring  necessary  to  satisfactory  metering  and,  therefore,  no  regula- 
tions as  to  allowable  drop,  balancing  of  three-wire  circuits,  ground- 
ing, et  cetera,  are  included,  nor  do  the  regulations  of  this  section 
duplicate,  or  conflict  with,  the  Electrical  Code  of  the  National  Board 
of  Fire  Underwriters. 

The  company  has  the  right  to  inspect  all  circuits  and  apparatus  at 
any  time  to  insure  that  they  are  properly  metered. 

Each  meter  should  be  protected  by  its  own  sealed  cut-out,  placed 
between  the  meter  and  the  point  where  the  service  enters  the 
bailding. 

No  meter  should  be  so  connected  as  to  include  the  registration  of 
another  meter,  except  for  purposes  of  special  investigation  or  where 
required  by  special  conditions. 

Where  several  meters  are  grouped  together,  the  circuit  in  which 
each  one  is  connected  should  be  plainly  indicated,  and  all  circuits 
should  be  carefully  traced  to  insure  that  there  is  no  error  in  the 
wiring  whereby  one  consumer  obtains  current  through  another  con- 
sumer's meter.  This  is  especially  important  where  the  wiring  is 
concealed,  in  which  case  the  service  and  load  wires  should  be  tagged. 

Open  wiring,  where  used,  should  be  arranged  with  a  view  to  mini- 
mizing the  likelihood  of  incorrect  or  improper  connections.  The 
wiring  around  the  meter  should  be  arranged  neatly,  without  unneces- 
sary crossing,  and  in  such  a  manner  as  to  minimize  the  liability  to 
confusion  between   the  different   circuits. 

Both  sides  of  a  two-wire  circuit  should,  where  practicable,  be 
carried  through  the  meter.  When  this  is  done,  the  meter  should  be 
tested  with  the  return  bar  in  circuit,  unless  comparative  tests  with 
and  without  the  return  circuit  show  the  given  type  and  capacity  of 
meter  to  be  unaffected.  
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In  two-  and  three-wire  circuits,  where  a  separate  potential  tap  is 
used,  precaution  should  be  taken  to  prevent  its  becoming  discon- 
nected. The  connecting  wire  should  be  as  short  as  possible,  should 
be  accessible  for  inspection  and  should  be  soldered  to  the  return 
or  neutral  circuit.  Where  several  branch  circuits  are  supplied 
through  the  same  meter,  the  potential  tap  should  be  carried  back  to 
the  main  line.  Otherwise,  it  may  become  disconnected  by  the  open- 
ing of  the  fuse  in  one  of  the  branch  circuits. 

In  wiring  three-wire  watt-hour  meters  care  should  be  taken  that 
both  the  current  coils  are  connected  in  the  outside  wires  and  that 
they  are  not  connected  in  opposition. 

In  wiring  polyphase  watt-hour  meters,  especially  when  used  with 
voltage  and  current  transformers,  great  care  is  necessary  to  obtain 
the  right  connections.  The  meters  should  be  wired  in  exact  accoird- 
ance  with  the  manufacturer's  diagram,  and  in  addition  the  connec- 
tions should  be  tested  out  to  insure  that  the  meter  operates  cor- 
rectly (Chapter  VIII). 

The  wiremen  should  leave  a  free  end  at  least  i8  inches  long  on 
each  circuit  to  give  ample  wire  for  connection  to  the  watt-hour 
meter. 

Where  no  watt-hour  meter  terminal  box  is  used,  the  conduit  for 
the  service  wiring  and  the  conduit  or  molding  for  the  house  wiring^ 
must  terminate  at  a  sufficient  distance  (6  inches  or  more)  from  the 
meter  to  permit  easily  changing  the  connections  for  testing  pur- 
poses. 

Where  watt-hour  meters  are  installed  in  closets  or  compartments, 
the  conduit  or  molding  should  terminate  in  plain  view  within  the 
compartment.  In  a  three-wire  circuit  the  neutral,  and  in  a  two-wire 
circuit  the  grounded,  side  of  the  circuit  should  pass  through  the 
compartment. 

In  recent  years  much  more  attention  has  been  given  to  the  installa- 
tion of  watt-hour  meters  than  formerly,  in  order  to  lessen  the  cost  of 
maintenance  and  the  posibility  of  tampering. 

When  open  wiring  is  used,  it  is  preferable  to  mount  the  watt-hour 
meter  and  the  service  cut-out  on  a  suitable  meter  board  of  standard 
size,  which  is  securely  fastened  to  the  wall.  On  bricks,  concrete, 
terra  cotta  or  me,tal  walls  the  boards  must  be  set  out  from  the  wall, 
leaving  an  air  space  of  at  least  ^  of  an  inch  back  of  the  board. 
While  the  method  of  installing  meters  with  open  wiring,  unprotected 
cut-outs  and  switches  on  both  the  service  and  the  house  sides  of 
the  meter  is  still  practiced,  yet  it  is  no  longer  considered  safe  or 
satisfactory  by  many  companies,  especially  in  the  larger  cities. 
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The  best  modern  practice  requires  that  the  design  of  the  installa- 
tion should  be  compact  and  should  be  standard;  or,  rather,  the  sev- 
eral designs  to  meet  different  conditions  should  be  standard,  in  order 
that  all  watt-hour  meters  can  be  erected  in  substantially  the  same 
manner.  The  design  of  the  installation  should  also  be  of  such  a 
character  that  the  several  parts  are  interchangeable.  In  the  design 
should  also  be  combined  durability,  flexibility,  as  low  first  cost  as 
possible,  and  a  minimum  of  opportunities  for  tampering,  and  similar 
features.  All  of  the  wiring  and  connections  between  the  service  and 
watt-hour  meters  should  be  enclosed  in  metal  or  its  equivalent,  and 
all  switches  and  cut-outs  between  the  service  and  meters  should  be 
protected. 

It  is  good  practice  in  many  instances  to  employ  meter  installation 
devices  which,  together  with  the  continuous  conduit  and  the  sealed 
service  cut-outs  enclose  and  seal  all  the  wiring  around  the  watt-hour 
meter.  Complete  protection  is  thus  provided  for  all  unmetered 
parts  of  the  circuit.  Detailed  descriptions  of  such  devices  are  given 
in  Chapter  XIV. 

Generally  a  standard  form  of  box  is  employed  with  metallic  trim 
for  fitting  it  to  the  various  types  of  meter.  In  some  cases,  the  serv- 
ice cut-out  is  incorporated  in  the  device. 

By  a  proper  design  of  the  installation  device,  the  ease  and  accuracy 
of  testing  may  be  increased. 

The  material  used  in  connection  with  the  watt-hour  meter  installa- 
tion should  be  of  the  best  quality  obtainable,  as  the  service  and 
meters  are  frequently  located  in  cellars  where  dampness  exists,  and 
worse  conditions  generally  than  in  other  parts  of  the  building.  The 
use  of  wood  should  be  eliminated  so  far  as  possible.  The  work 
should  be  performed  by  skilled  mechanics,  possessed  of  good  judg- 
ment and  a  fair  knowledge  of  the  meter. 

The  arrangement  should  be  such  that  the  greatest  stability  and 
safety  is  obtained,  in  order  to  insure  a  continued  and  uninterrupted 
service  and  to  render  unquestionable  any  possibility  of  fire  occurring 
due  to  any  defects  in  this  part  of  the  electrical  equipment;  as,  owing 
to  the  location,  it  is  generally  subjected  to  rougher  usage  than  other 
parts  of  the  installation,  and  is  more  often  surrounded  by  inflam- 
mable material  than  similar  apparatus  in  other  parts  of  the  building. 

In  the  case  of  induction  coils,  wireless  telegraph  apparatus,  high 
potential  testing  transformers,  et  cetera,  where  the  high  voltage,  or 
high  frequencies  produced  are  likely  to  injure  the  watt-hour  meter  or 
to  interfere  with  accurate  registration,  the  consumer  should  install  an 
approved  device  capable  of  protecting  the  company's  apparatus  fron 
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the  injurious  disturbances.  One  remedy  is  to  place  a  one  to  one  ratio 
load  transformer  between  the  meter  and  the  consumer's  circuit  and  an- 
other is  an  arrangement  of  condensers  so  connected  as  to  dissipate  the 
capacity  charge  which  accumulates  on  this  type  of  circuit.  The  form  of 
apparatus  required  will  differ  under  different  conditions,  and  should  be 
designed  in  consultation  with,  and  with  the  approval  of,  the  company's 
engineers. 

The  following  extracts,  concerning  the  service  watt-hour  meters, 
from  rules  issued  by  one  of  the  larger  companies  to  architects  and 
wiring  contractors,  as  well  as  to  its  own  employees,  indicates  the 
company's  practice  in  this  respect. 

1.  The  watt-hour  meter  and  service  cut-out  and  cut-out  box  will 
be  furnished  and  installed  by  the  company,  and  will  always  remain 
the  property  of  the  company. 

2.  The  final  connections  from  the  service  to  the  service  cut-out 
and  to  the  watt-hour  meter  will  be  made  by  the  company,  and  the 
service  fuses  will  be  placed  by  the  company.  Contractors  and  others 
are  requested  to  warn  their  employees  against  any  infraction  of 
this  rule. 

3.  The  connections  from  the  service  to  the  service  cut-out  and  to 
the  watt-hour  meter  must  not  be  altered,  or  the  position  of  either 
be  changed,  except  by  a  representative  of  the  company.  Consumers 
and  contractors  must  notify  the  company  in  the  event  of  any  altera- 
tions being  required. 

4.  Unless  the  particular  conditions  of  the  case  do  not  permit  it, 
and  special  arrangements  are  made  with  the  company,  all  watt-hour 
meters  will  be  installed  in  cellars,  except  in  such  cases  as  the  fol- 
lowing: 

(a)  Buildings  which  were  wired  prior  to  the  issuance  of 
these  rules  and  have  watt-hour  meter  loops  left  in  other  loca- 
tions. 

(b)  Buildings  which  have  no  cellars,  in  which  case  the  watt- 
hour  meters  will  be  installed  on  the  first  floor. 

(c)  Buildings  in  which  the  various  floors  are  rented  sepa- 
rately, in  which  case  the  watt-hour  meter  may  be  installed 
on  the  particular  floor  to  which  the  current  is  supplied. 

(d)  Office  buildings  and  apartment  houses.  If  separate  watt- 
hour  meters  are  required  for  each  office  or  suite,  the  meters 
for  each  floor  may  be  installed  in  the  hallway  of  that  floor. 
The  watt-hour  meter  loops  in  such  cases  must  be  brought  out 
in  one  location  in  the  hallway  for  all  the  offices  or  rooms  on 
the  particular  floor. 
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5.  Under  no  circumstances  will  watt-hour  meters  be  installed  in 
bathrooms,  bedrooms,  sitting  rooms,  bulk  windows,  over  doors,  or  in 
locations  likely  to  cause  the  visits  of  the  meter  reader  or  tester  to 
be  of  the  least  annoyance  or  trouble  to  the  consumer. 

Watt-hour  meters  will  also  not  be  erected  on  partitions  or  other 
supports  liable  to  excessive  vibration,  or  in  locations  subjected  to 
extremes  of  temperature. 

The  main  fuses  and  switches  are  usually  located  at  the  watt-hour 
meter  board,  and  it  is  to  the  interest  of  the  consumer,  as  well  as  of 
the  company,  that  the  apparatus  should  be  in  a  fairly  convenient  loca- 
tion and  accessible  at  all  times. 

6.  Watt-hour  meters  will  be  erected  at,  or  as  near  as  possible  to, 
the  point  of  entrance  of  the  service,  and  at  a  height  of  approximately 
five  feet  from  the  floor. 

7.  The  house  wiring  must  be  terminated  in  a  cut-out  and  switch, 
erected  one  above  the  other,  the  cut-out  being  placed  between  the 
switch  and  the  watt-hour  meter. 

8.  The  service  cut-out  installed  by  the  company  will  be  enclosed 
in  an  iron  box  and  will  be  sealed. 

9.  Watt-hour  meters  will  not  be  erected  on  the  switchboards, 
or  panel  boards,  of  consumers,  unless  such  boards  are  in  close  prox- 
imity to  the  service  cut-out  box  and  the  board  is  so  arranged  that 
the  meter  wiring  and  connections  may  be  on  the  front  of  the  board. 
(See  Rule  12.)  Unprotected  connections  on  the  service  side  of  the 
meter  will  not  be  permitted. 

10.  All  wiring  from  the  service  end  to  the  watt-hour  meter  must 
be  run  in  continuous  conduit. 

11.  Where  closets  are  erected  for  watt-hour  meters,  the  service 
conduit  must  terminate  inside  the  closet  in  plain  view  and  in  such 
a  position  that  the  service  cut-out  box  may  be  placed  on  the  end  of 
the  conduit. 

Watt-hour  meter  closets  must  be  of  sufficient  dimensions  to  allow 
of  the  easy  removal  of  the  watt-hour  meter  cover,  and  must  permit 
a  clearance  of  at  least  six  inches  below  and  on  each  side  of  the  watt- 
hour  meter. 

12.  The  standard  types  of  watt-hour  meters  used  by  the  company 
are  front  connected,  and  no  back  connected  meters  will  be  installed. 

13.  The  dimensions  of  watt-hour  meters  used  on  continuous  cur- 
rent circuits  are  shown  on  pages  ..  and  . .,  and  on  alternating  cur- 
rent circuits  on  pages  ..  and   ... 

14.  The  general  types  of  meter  boards  erected  by  the  compan 
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for  continuous  current  circuits  are  shown  on  pages   ..   and   ..,  and 
for  alternating  current  circuits  on  pages  ..  and  ... 

15.  The  service  cut-out  boxes  and  watt-hour  meters  of  the  com- 
pany are  sealed.  The  breaking  of  these  ^eals  by  unauthorized  per- 
sons, or  the  tampering  with  the  watt-hour  meters,  cut-outs,  wire  or 
any  property  of  the  company  is  prohibited  by  law,  and  will  not  be 
permitted  by  the  company.  Attention  is  called  to  the  Act  of  Legis- 
lature bearing  on  this  matter. 

Similar  rules  issued  by  another  company  follow: 

"  In  selecting  a  location  for  the  company's  watt-hour  meters,  the 
following  points  should  be  borne  in  mind.  For  commercial  consum- 
ers, such  as  stores,  offices  and  loft  buildings,  watt-hour  meters 
should,  when  possible,  be  located  at  the  point  of  service  entrance. 

"  In  apartment  houses  it  is  recommended  that  meters  be  placed  in 
the  basement,  so  that  .the  consumers  will  not  be  inconvenienced  by 
the  company's  employees  when  it  is  necessary  to  inspect,  read  or 
test. 

"The  location  selected  should  be  free  from  moisture,  and  in  this 
connection  the  possibility  of  future  moisture  resulting  from  "  sweat- 
ing" should  be  considered,  i.  e.,  a  meter  should  never  be  placed  under 
a  waterpipe,  from  which,  as  a  result  of  "  sweating,"  water  may  drip. 
When  a  damp  location  is  unavoidable,  a  moisture-proof  box  must  be 
provided  by  the  consumer  to  contain  the  meter. 

"  The  location  selected  should  be  free  from  vibration,  and  where 
possible  the  watt-hour  meter  should  be  located  upon  a  substantial 
wall  and  not  upon  a  wooden  partition. 

"  Watt-hour  meters  should  be  so  located  that  they  will  be  easily 
accessible  for  testing  and  indexing.  This  restricts  the  location  of 
the  meter  to  between  six  and  eight  feet  from  the  floor,  and  prevents 
the  selection  of  a  bathroom,  bedroom  closet,  or  in  any  other  room 
which  is  usually  kept  locked,  and  prohibits  the  installation  of  a  watt- 
hour  meter  in  an  elevator  shaft. 

"  Watt-hour  meters  should  be  so  located  that  they  will  not  be 
exposed  to  mechanical  injury.  This  requirement  makes  it  undesir- 
able to  place  a  meter  at  less  distance  than  six  feet  from  the  floor. 
If  it  should  be  necessary  to  locate  the  watt-hour  meter  near  the 
floor,  or  in  a  position  where  it  would  be  exposed  to  mechanical  in- 
jury, a  good  stout  box  must  be  provided  by  the  consumer  to  contain 
the  meter,  and  thus  thoroughly  protect  it  from  any  possible  damage. 

"The  location  of  a  watt-hour  meter  and  the  cut-out  controlling 
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the  same  upon  the  premises  of  any  person  other  than  the  one  whose 
installation  is  to  be  controlled  by  the  meter  is  to  be  avoided. 

"  In  cases  where  it  is  necessary  to  recess  a  meter  in  the  wall,  the 
contractor  is  to  provide  a  cabinet,  the  walls  and  door  of  which  must 
be  made  of  some  fireproof  material.  If  metal  is  used,  it  must  be 
covered  with  some  form  of  insulation  so  as  to  prevent  the  possibility 
of  a  short  circuit  when  connecting,  disconnecting  or  testing  meters. 

"  The  minimum  inside  dimensions  of  the  cabinet  to  contain  a 
single  watt-hour  meter  are  to  be  16  inches  wide  by  22  inches  high, 
and  with  a  minimum  depth  of  12  inches. 

"  When  two  or  more  watt-hour  meters  are  to  be  located  in  the 
same  box,  the  distance  between  the  meter  centers  must  not  be  less 
than   15  inches. 

"  When  it  is  necessary  to  place  a  watt-hour  meter  in  a  restaurant 
kitchen,  or  similar  place,  a  suitable  cabinet  or  closet  16  inches  wide, 
22  inches  high  and  12  inches  deep,  fitted  with  a  hinged  door  and  a 
secure  latch  must  be  provided  by  the  consumer.  When  it  is  necessary 
to  place  a  watt-hour  meter  on  a  wall  where  it  may  be  surrounded 
by  shelving,  a  space  at  least  16  inches  wide  and  22  inches  high  must 
be  provided. 

"  Watt-hour  meter  boards  will  be  placed  by  the  company,  but 
when  meters  are  to  be  placed  on  switchboards,  the  consumer,  or 
contractor,  must  do  the  necessary  drilling,  the  proper  template  or 
drawing  being  furnished  by  the  company  upon  request. 

"  Switchboards  should  be  subdivided  so  that  they  will  not  require 
a  meter  larger  than  300  amperes  for  each  section  and  arranged  so 
that  the  service  wires  or  connections  can  be  protected. 

"  Watt-hour  meter  distributing  panels,  or  those  having  meter  out- 
lets, will  not  be  approved. 

"  Where  switchboards  are  to  be  used,  the  question  of  subdivision 
and  metering  should  be  taken  up  in  advance,  and  it  is  recommended 
that  the  installation  and  inspection  department  be  consulted  before 
beginning  work,  so  as  to  avoid  any  confusion  and  misunderstanding. 

"  In  order  to  show  more  clearly  the  application  of  the  above  rules, 
the  following  cuts  of  typical  watt-hour  meter  installations  are  shown. 
These  cuts  indicate  the  arrangement  of  watt-hour  meter  connections 
and  the  cut-outs  which  will  be  furnished  by  the  company."  (See 
Chapter  XIV.) 

The  above  rules  are  merely  an  arrangement  of  the  principles  set 
forth  earlier  in  the  discussion  and  apply  to  the  types  and  sizes  of 
watt-hour  meters  used  by  a  specific  company,  but  they  are  recite'^ 
here  for  the  convenience  of  anv  comoanv  about  to  formulate  such  rule 
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CHAPTER   VII 
Watt-Hour  Meter  Testing 

'he  efiforts  of  the  world  in  all  matters  of  physical  measurement 
toward  absolute  accuracy.     It  is  probable  that  the  question  of 

:asurement  was  among  the  earliest  conceptions  of  the  human  mind. 

1  civilized  nations  seem   to  have  appreciated,   early   in   their  his- 

ry,  the  confusion  incident  to  the  absence  of  official  standards  of 

ngth,  weight,  and  so  forth;  and  means  were  taken  to  procure  stand- 
rds  which,' after  official,  sanction,  were  deposited  in  temples  arid 
requently  placed  in  the  custody  of  the  priesthood. 

From  these  remote  periods  to  the  present  time  a  persistent  effort 
h^s  been  made  to  standardize  all  systems  of  measurement  and  im- 
prove the  accuracy  of  the  worj^ing  standards. 

This  tendency  toward  accuracy  of  measurement  is  seen  in  all 
walks  of  life,  as  evidenced,  for  instancy,  in  the  checking  of  the 
capacity  of  the  bottles  used  for  distributing  milk,  aihd  the  periodic 
verification  of  the  accuracy  of  the  scales  used  by  grocers  and  other 
tradesmen. 

To-day  no  excuse  exists  for  any  tradesman  using  scales  of  whose 
accuracy  he  has  the  slightest  doubt.  It  is  his  duty,  both  to  himself 
and  to  his  customers,  to  insure  the  accuracy  of  his  weights.  Hon- 
esty of  intention  requires  that  he  shall  do  more  than  merely  believe 
that  his  scales  are  correct;  it  is  his  unquestionable  duty  to  his  cus- 
tomers to  know  that  they  are  correct. 

So  with  the  manager  of  an  electric  lighting  company;  he  must  not 
merely  believe  that  his  meters  are  accurate,  but  he  must  periodically 
test  them  to  insure  that  they  are  correct. 

The  electricity  meter  operates  under  more  varied  and  exacting  con- 
ditions than  almost  any  other  piece  of  apparatus.  It  is  frequently 
subjected  to  vibration,  moisture  and  extremes  of  temperature;  it 
must  register  accurately  on  varying  voltages  and  various  wave  forms; 
it  must  operate  for  many  months  without  any  supervision  or  atten- 
tion whatever;  and,  in  spite  of  all  these  conditions,  it  is  expected 
to  register  with  accuracy  from  a  few  per  cent  of  its  rated  capacity 
to  a  50  per  cent  overload  (Fig.  245).  ♦ 
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As  a  meter  is  a  type  of  machine,  its  natural  tendency  is  to  rno 
slow;  but  occasionally,  through  accident,  a  meter  may  run  fasl. 
When  a  meter  runs  fast  the  consumer  is  paying  a  higher  rate  per 
kilowatt-hour  than  his  contract  calls  for.  He  is  being  discriminated 
against.  The  periodic  testing  of  meters  is  therefore  a  necessity  and 
is  an  indication  of  the  honesty  of  intention  of  the  manager  toward 
the  customers  of  his  company. 


Ftc.  i*s.— Typical  W^tt-hour  Meter  Accuncy  Curve*;  on  Varying  Loed  Biprened  in  per 
cent,  of  Watt-bonr  Metei  Capuity:  on  Varying  PotCDtial  Eiprened  in  Volta.  and  on 
Varying  PnquBDCr  BiprMaed  in  Cycl**. 

Furthermore,  the  manager  has  the  interests  of  his  stock-holders 
always  in  mind;  and  as  meters  when  in  error  are  more  apt  to  run 
slow  than  fast,  the  testing  and  calibrating  of  meters  is  indicative  of 
his  interest  in  the  welfare  of  the  stock-holders,  for  it  follows  that 
the  maintenance  of  the  accuracy  of  meters  brings  into  the  treasary 
of  the  company   revenue  that   otherwise   would   escape. 

Every  manager  is  aware  that  the  cost  of  electricity  at  the  bus-bar 
is  leas  than  its  cost  at  the  consumer's  premises;  for,  while  only  the 
generating  expenses  enter  into  the  former,  the  latter  is   burdened 
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with  the  additional  expenses  and  losses  of  distribution.  At  an  equal 
profit,  therefore,  electricity  can  be  sold  at  a  lower  rate  per  kilowatt- 
hour  at  the  bus  than  at  the  consumers'  premises;  and  the  greater 
the  distribution  expenses  become,  the  higher  must  be  the  rate  to 
the  consumer.  When  meters  are  not  tested  a  large  proportion  of 
them  run  slow,  thus  increasing  the  cost  of  distribution.  Under  these 
conditions,  a  higher  rate  must  be  maintained;  and  the  consumer 
whose  meter  is  accurate  is  virtually  paying  for  a  part  of  the  elec- 
tricty  used  by  the  consumer  whose  meter  is  slow.  This  is  mani- 
festly unjust.  It  is,  therefore,  only  by  maintaining  the  accuracy  of 
his  meters  that  the  manager  is  enabled  to  arrive  at  an  equalization 
of  the  charges  and  fix  just  rates  for  all  his  consumers. 

The  manager,  as  a  rule,  has  a  lively  appreciation  of  the  necessity 
of  economizing  on  his  coal.  He  will  frequently  recommend  the  pur- 
chase of  more  expensive  machinery  and  employ  a  higher  grade  of 
labor,  if  by  so  doing  he  can  demonstrate  that  he  is  making  a  saving 
in  the  cost  of  his  coal.  If  the  manager  will  take  the  trouble  to 
investigate  he  will  find  that  a  i  per  cent  increase  in  the  revenue, 
secured  by  maintaining  the  accuracy  of  his  meters,  is  equal  to  sev- 
eral per  cent  of  the  cost  of  his  coal;  at  times  even  as  high  as  lo  per 
cent  or  more. 

It  is  found  that,  while  the  ratio  of  meter  capacity  to  connected 
load  varies  on  different  systems,  yet,  considered  as  a  whole,  it  is  not 
far  from  i  to  i;  that  is,  i  kilowatt  of  meter  capacity  is  installed 
for  each  kilowatt  capacity  of  connected  load.  It  is  but  seldom  that 
the  peak  load  exceeds  from  30  to  60  per  cent  of  the  connected  load 
and  the  generators  seldom  exceed  70  per  cent  of  the  connected  load. 
It  would  appear  from  this  that,  on  the  average,  the  smaller  com- 
panies have  installed  about  1.4  kilowatt  of  meter  capacity  for  each 
kilowatt  of  generator  capacity. 

Assuming  the  cost  of  generators  for  smaller  plants  as  averaging 
$12  per  kilowatt  and  the  cost  of  meters  as  $8  per  kilowatt,  it  will  be 
seen  that  the  cost  of  meters  is  not  far  from  the  cost  of  generators. 
No  manager  would,  for  a  moment,  consider  that  his  generators 
would  continue  to  operate  without  constant  attention;  and,  consid- 
ering the  capital  invested,  he  should  appreciate  the  necessity  of 
giving  proper  attention  to  his  meters,  more  especially  when  he  re- 
members that  this  attention  may  effect  a  greater  saving  than  an 
equal  outlay  on  the  generating  part  of  his  apparatus. 

Some  one  has  spoken  of  the  meter  as  the  cash  register  of  the 
company.  No  customer  would  be  willing  to  accept  and  pay  for 
goods  without  knowing  that  both  the  quantity  and  the  price  were 
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correct,  and  no  business  man  would  expect  a  customer  to  do  so. 
Therefore,  no  manager  of  an  electric  lighting  company  should  ex- 
pect his  consumers  to  pay,  without  protest,  their  bills  for  electricity, 
when  they  know  that  the  manager  is  making  no  conscientious  effort 
to  determine  the  quantity  of  electricity  delivered. 

It  seems  a  wofully  short-sighted  policy  to  try  to  save  on  the  gen- 
eration and  distribution  of  electricity  from  the  coal  pile  to  the 
meter  and  then  neglect  the  meter,  when  it  is  considered  that  the 
losses  at  the  meter  may  far  exceed  the  saving  secured  all  along  the 
line.  The  old  saying  that  "  it  is  folly  to  save  at  the  spigot  and  waste 
at  the  bung  "  seems  appropriate. 

Increased  accuracy,  more  complete  and  systematic  routine,  more 
stringent  requirements  by  State  Commissions  and  consumers,  and 
cheaper,  simpler,  smaller  and  more  convenient  types  of  instruments, 
exemplify  the  modern,  up-to-date,  consumer's  watt-hour  meter  prac- 
tice. 

While  modem  electricity  meters  are  very  reliable,  it  would  not  be 
safe  to  assume  that  they  register  correctly  year  after  year  without 
some  attention.  It  will  therefore  be  only  just  to  the  consumer,  as 
well  as  to  the  producer  of  electrical  energy,  if  electricity  meters  be 
periodically  and  systematically  compared  with  a  known  standard, 
and  when  found  in  error  be  either  adjusted  to  register  correctly,  or, 
if  found  impracticable  to   recalibrate,   replaced  by  a  correct   meter. 

The  object  of  testing  and  adjusting  meters  carefully  and  at  regu- 
lar intervals  is  twofold. 

One  object  is  the  maintenance  of  the  meter  in  a  condition  where 
its  accuracy  will  be  the  greatest.  This,  as  stated  in  the  Code  for 
Electricity  Meters,  is  not  accomplished  by  allowing  the  cause  of 
inaccuracy  to  continue  and  compensating  for  the  same  by  the  adjust- 
ment of  the  meter,  but  by  removing  the  cause  where  possible,  or 
otherwise  by  removing  the  meter. 

The  second  object  o^  systematic  meter  testing  is  to  so  maintain 
the  meters,  similarly  to  all  other  equipment  used  in  furnishing  the 
service,  that  they  shall  have  as  long  a  useful  life  as  good  economy 
of  operation  allows. 

The  absolute  knowledge  that  meters  are  correct,  places  one  on 
a  better  basis  with  consumers,  and  the  good  will  thus  gained  is  on  a 
par  with  the  best  advertising. 

Considerable  time  and  energy  are  devoted  to  the  consideration  of 
the  condition  and  operating  efficiency  of  the  boilers,  engines,  gen- 
erators, switchboards,  and  various  labor-saving  and  economical  de- 
vices for  production  of  electricity,  while  the  matter  of  transporta- 
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tion  and  sale  of  current  is  sometimes  not  given  the  attention  its 
importance  demands.  Contemplate  what  the  criticism  would  be  of 
a  manufacturing-  concern  that  devoted  every  facility  to  the  cheap 
and  efficient  production  of  its  wares  and  paid  no  attention  to  the 
transportation,  delivery  and  billing  of  the  manufactured  article. 

Past  experience  has  proven  that  electricity  meters  should  be  sys- 
tematically tested,  if  a  high  degree  of  accuracy  is  to  be  maintained. 
Results  of  many  tests  gathered  up  to  the  present  date  show  a  greater 
tendency  of  meters  to  run  slow  than  to  run  fast,  therefore  a  consid- 
erable amount  of  profitable  work  can  be  placed  upon  them. 

Public  service  commissions  have  now  been  created  to  assume  con- 
trol of  public  utilities  in  many  places,  and  where  this  has  been  done, 
there  are  limits  fixed  relative  to  the  required  accuracy  of  meters, 
and  periodic  tests  at  specified  intervals  are  requested.  In  some 
places  these  commissions  will,  or  do,  make  tests  on  consumers' 
premises  and,  when  they  do,  it  will,  to  say  the  least,,  be  found  grati- 
fying to  the  company  if  its  meters  are  reported  correct  by  the  com- 
mission. The  indications  are  that  the  number  of  these  public  service 
commissions  will  be  increased,  and  when  companies  come  under 
this  control,  they  will  naturally  find  it  greatly  to  their  advantage, 
if  their  meters  are  found  in  good  condition. 

Accuracy  can  only  be  maintained  by  frequent  and  intelligent  in- 
spection and  testing. 

Periodic  Tests  should  be  made  as  often  as  is  necessary  to  insure 
continued  reliability  and  commercial  accuracy  of  the  entire  meter 
system.  Due  to  accidental  causes  and  conditions  in  the  consumer's 
premises  which  are  beyond  the  control  of  the  company,  errors  will 
always  be  found  in  a  few  cases,  but  in  a  well-maintained  system  the 
proportion  of  the  meters  found  in  error  will  be  small. 

The  period  should  vary  according  to  the  conditions  of  the  case. 

The  accuracy  of  meters  of  various  types  operating  in  different 
locations  and  under  different  conditions  of  use  will  have  varying 
degrees  of  permanency.  This  factor  should  therefore  be  taken  into 
account  in  determining  the  frequency  of  testing  of  individual  meters. 

Meters  controlling  a  very  large  amount  of  revenue  may  be  tested 
as  often  as  once  a  month,  while  the  ordinary  run  of  meters  should 
be  tested  at  least  once  a  year,  once  in  eighteen  months,  or  once  in 
two  years,  the  period  varying  with  different  companies,  different 
types  and  different  civic  requirements. 

For  testing  purposes  meters  should  be  divided,  in  general,  into 
two  classes  according  to  type;  commutator  type  meters  and  induction 
meters.    Induction  meters  having  light  moving  elements  and  no  com- 
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mutators  will  give  good  results  over  long  periods  of  time.  It  is 
generally  acknowledged  that  the  period  between  tests  can  be  longer 
in  the  case  of  induction  meters  than  in  the  case  of  commutator  type 
meters.  The  tendency  in  the  case  of  induction  meters,  since  the 
production  of  modem  types,  is  to  extend  the  period,  whereas  the 
maximum  period  of  about  one  year  is  generally  accepted  for  com- 
mutator type  meters. 

Commutator-type  meters,  having  comparatively  heavy  moving  ele- 
ments with  consequent  rapid  increase  in  friction  due  to  wear  on  the 
jewel  and  bearings,  and  a  commutator  also  increasing  in  friction  with 
age,  must  have  frequent  and  expert  attention  to  insure  their  accuracy 
under  all  conditions. 

The  following  is  a  suggestive  schedule  of  routine  periodic  tests 
indicative  of  modern  practice: 

Modern  Type  Alternating  Current  Induction  Meters 

All  single-phase  induction  meters,  two-wire  or  three-wire,  up  to 
and  including  25  amperes  rated  capacity,  to  be  tested  once  in  24 
months. 

All  single-phase  induction  meters,  two-wire  or  three-wire,  over  25 
amperes  rated  capacity,  to  be  tested  at  lea^t  once  in  12  months. 

All  poljrphase  induction  meters  up  to  and  including  150  amperes, 
to  be  tested  at  least  once  in  12  months. 

All  polyphase  induction  meters  over  150  amperes  rated  capacity,  to 
be  tested  at  least  once  in  6  months. 

Continuous  Current  Commutator  Type  Meters 

All  continuous  current  commutator  type  meters,  two-  or  three- 
wire,  no  or  220  volts,  up  to  and  including  25  amperes  rated  capacity, 
to  be  tested  at  least  once  in  12  to  15  months. 

All  continuous  current  commutator  type  meters,  two-  or  three- 
wire,  no  to  220  volts,  50  to  150  amperes  rated  capacity,  to  be  tested 
at  least  once  in  9  to  12  months. 

All  continuous  current  commutator  type  meters  rated  at  150  to 
600  amperes,  to  be  tested  at  least  once  in  6  months. 

All  continuous  current  commutator  type  meters  rated  in  excess 
of  600  amperes,  to  be  tested  every  3  months. 

Commutator  type  meters  of  300  volts  and  over  should  be  tested  at 
least  once  every  six  months. 

In  commutator  meters  having  heavy-moving  elements  and  sapphire 
•*»wels,  the  number  of  revolutions  of  the  moving  element  between 
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tests  should  not,  ordinarily,  exceed  1,000,000.  Meters  having  lighter- 
moving  elements  and  particularly  meters  having  diamond  jewels 
may  be  allowed  to  exceed  this  limit. 

According  to  this  rule,  meters  which  operate  at  a  heavy  load 
during  a  considerable  proportion  of  the  time,  resulting  in  a  larger 
number  of  revolutions  of  the  moving  element  between  tests,  should 
be  assigned  to  more  frequent  tests  to  compensate  for  the  efiEect  of 
wear. 

The  results  of  the  meter  tests  should  be  followed  carefully,  and 
where  a  given  meter  shows  continued  liability  to  error,  the  cause 
should  be  investigated  and  removed,  if  practicable.  Otherwise,  the 
frequency  of  testing  should  be  increased  with  a  view  to  keeping 
the  meter  within  commercial  limits.  Often  it  is  found  necessary  to 
change  meters  from  one  class  to  a  class  which  is  tested  more  fre- 
quently on  account  of  a  long  hour  load  or  other  conditions.  When- 
ever it  is  found  that  a  meter  tested  according  to  schedule  is  contin- 
ually falling  below  the  limits,  it  should  be  changed  to  a  class  which 
is  tested  more  frequently. 

Many  companies  choose,  of  their  own  volition,  to  increase  the 
frequency  of  the  testing  of  meters  controlling  a  large  amount  of 
revenue  on  account  of  the  larger  monetary  effect  of  a  given  per- 
centage error.  'Monthly  tests,  based  upon  the  above  principle,  have 
been  found  to  be  none  too  frequent  in  some  cases. 

When  it  appears  that  the  object  of  the  applicant  company  in 
making  such  application  is  to  obtain  a  higher  degree  of  meter 
accuracy  rather  than  to  reduce  the  amount  of  meter-testing  work 
required,  civic  commissions  are  inclined  to  grant  extensions  of  the 
allowable  time  intervals  between  periodic  tests,  in  conformity  with 
schedules  of  best  commercial  meter  practice. 

Probably  the  most  important  problem  for  the  laboratory  division 
to  solve  is  the  proper  classification  of  its  meters  into  test  groups, 
so  that  each  meter  will  be  tested  before  it  shall  have  reached  a  point 
on  the  error  curve  outside  of  certain  predetermined  limits. 

Since  it  is  essential  to  the  selection  of  proper  types  and  to  the 
maintenance  of  the  accuracy  of  electricity  meters  in  service  that 
thorough  and  systematic  tests  be  carried  out  and  that  the  meters 
be  readjusted  from  time  to  time  to  eliminate  the  effect  of  the  sources 
of  error  enumerated,  meter  tests  have  been  divided  into  two  general 
classes:  Acceptance  Tests  and  System  Tests,  and  into  several  sub- 
classes. 

In  addition  to  the  various  formal  tests  outlined  in  this  Handbook, 
it  is  advisable  for  each  company  to  make  special  tests  to  determine 
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the  properties  and  behavior  of  the  meter  used  under  its  special  local 
conditions.  The  character  of  such  tests  should  be  dictated  by  the 
requirements  of  the  individual  case. 

I. — The  Acceptance  Test — This  is  a  test  made  on  a  particular  type 
of  meter  to  ascertain,  if  it  will  register,  with  commercial  accuracy, 
the  electrical  energy  which  passes  through  it.  (See  Code  for  Elec- 
tricity Meters,  Sec.  IV.) 

System  Tests  should  be  conducted  according  to  the  approved 
methods  specified  in  this  Handbook,  using  standards  complying  with 
the  requirements  also  given  herein. 

2. — System  Tests  may  be  classified  as  follows: 

(a)  The  Laboratory  Test,  made  in  the  laboratory  of  the  meter  de> 
partment  or  in  the  meter  shop  of  the  company,  prior  to  installation. 

(b)  The  Installation  Test,  made  within  a  limited  period  of  time 
after  installation. 

(c)  Periodic  Tests,  made  at  regular  intervals  on  the  consumer's 
premises. 

(d)  Complaint  Tests,  made  upon  complaint  of  the  consumer. 

(e)  Inquiry  Tests,  originating  with  the  company,  and  made  for  the 
purpose  of  investigating  the  cause  of  apparently  abnormal  registra- 
tion of  individual  meters. 

(f)  Repair  Tests,  made  after  meters  have  been  repaired  in  service. 

(g)  Check  Tests,  made  for  the  purpose  of  verifying  previous  tests. 
(h)  Referee  Tests,  made  in  the  presence  of  a  representative  of  a 

disinterested  authority. 

(i)  Special  Tests,  covering  cases  other  than  those  included  in  the 
above  classes. 

(j)  Inspections,  including  merely  an  examination  of  the  meter 
and  the  conditions  surrounding  it,  for  causes  of  error,  but  including 
no  adjustment  qr  precise  determination  of  its  accuracy. 

Meters  may  be  tested  by  any  of  the  methods  outlined  in  Chapter 
VIII.  The  instruments  and  apparatus  to  be  utilized  in  making  these 
tests  are  described  in  Chapters  V  and  IX.  The  proper  connections 
for  testing  all  types  of  meters  are  shown  in  Figs.  260  to  301. 

New  meters  should  be  unpacked  with  care  and  given  a  general 
examination  for  damage  in  transportation,  marked  according  to  the 
company's  method  of  identification  and  entered  in  the  stock  records. 

The  Laboratory  Test: 

The  Laboratory  Test  should  then  be  made  as  follows: 

In  the  case  of  new  meters,  readings  for  accuracy  should  be  taken 
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as  a  check  on  the  manufacturer  and  to  disclose  injuries  received  dur- 
ing transportation. 

The  meters  should  be  carefully  examined  to  detect  defects  and 
errors  in  manufacture  and  to  insure  that  all  mechanical  parts  are 
in  proper  adjustment.  The  gear  ratio  should  be  determined  by  actual 
count  and'  used  in  interchecking  the  register  and  test  constants. 
Where  not  already  so  marked,  the  watt-hour  or  watt-second  con- 
stants should  be  marked  on  the  meter.  The  serial  number  of  the 
meter  should  be  marked  on  the  back  of  the  register  to  enable  easy 
detection  of  interchanged  registers. 

Unless  already  within  this  limit,  the  meter  should  be  adjusted  correct, 
within  I  per  cent  at  light  load  and  full  load,  as  follows : 

Commutator  type  meters: 

Light  load  =  10  per  cent  of  rated  capacity. 

Full  load   =50  to  100  per  cent  of  rated  capacity. 

Induction  meters:  On  non-inductive  load. 

Light  load  =   5  or    10  per  cent  of  rated  capacity. 
Full  load  =50  to  100  per  cent  of  rated  capacity. 

Meters  to  be  used  on  alternating  current  circuits  liable  to  inductive 
loads  should  also  be  tested  at  100  per  cent  of  rated  current  on  in- 
ductive load  (lagging),  and,  if  necessary,  readjusted.  If  tested  at 
70  per  cent  power-factor,  the  meter  should  be  adjusted  within  one 
per  cent  of  the  accuracy  at  unity  power-factor.  If  tested  at  50  per 
cent  power-factor,  the  meter  should  be  adjusted  within  2  per  cent 
of  the  accuracy  at  unity  power-factor. 

In  making  the  final  adjustment,  the  tester  should  note  that  each 
adjusting  device  is  in  good  condition  and  that  it  has  sufficient  range 
in  either  direction  to  admit  of  adjustment  on  the  consumer's  prem- 
ises under  service  conditions. 

Meters  returned  from  service  should  be  treated  substantially  as  are 
new  meters,  and,  in  addition,  each  one  should  be  thoroughly  over- 
hauled and  put  into  a  state  of  repair  equal  to  that  of  a  new  meter. 

If  the  gear  ratio  has  been  previously  determined  and  the  serial 
number  marked  on  the  register,  so  that  its  identification  is  certain, 
a  redetermination  of  the  gear  ratio  is  unnecessary. 

Instructions  for  manipulating  the  various  parts  of  the  more  impor- 
tant types  of  meters  will  be  given  in  Chapter  XVT. 

In  the  case  of  meters  returned  from  service  it  is  desirable  that 
revtuf^r   readino's   and   readinffs  of  accuracy  "as  found"  be   taken 
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before  any  changes  are  made  in  the  meter.  These  readings,  if  taken, 
should  be  recorded  for  use  in  settling  possible  complaints  involving 
the  time  between  the  last  test  of  the  meter  and  its  removal.  Many 
points  mentioned  in  connection  with  tests  on  consumer's  premises 
may  be  applied  to  laboratory  work. 

Tests  of  meters  on  the  consumer's  premises  have  the  following 
objects: 

The  determination  of  the  accuracy  and  the  register  reading  of  the 
meter  "  as  found." 

The  readjustment  and  recalibration  of  the  meter. 

The  verification  of  the  accuracy  "as  left." 

Attention  must  also  be  given  to  such  conditions  as  are  likely  to 
affect  the  accuracy  of  the  meter,  or  its  proper  registration,  or  to 
render  it  inoperative  at  any  time  between  the  given  test  and  the 
next  periodic  test. 

It  is  advisable  in  all  cases  to  .lay  down  definite  rules  which  are  to 
be  observed  in  carrying  out  tests  on  the  consumer's  premises.  While 
modifications  may  be  necessary  to  satisfy  local  conditions,  the  essen> 
tial  principles  laid  down  in  the  following  set  of  rules  should  be 
adhered  to  in  all  cases: 


RULES    OF    PROCEDURE    IN    TESTING    ON    THE    CONSUMER  S    PREMISES 

Rule  I 

Before,  attempting  to  enter  the  premises  or  to  work  on  the  .meter, 
the  tester  should  always  make  known  his  presence  to  the  consumer, 
or  his  representative;  identify  himself  as  the  representative  of  the 
company,  and  show  evidence  of  his  authority  to  test  the  meter  by 
exhibiting  his  badge  or  identification  card. 

•  Rule  II 

The  tester  should  on  reaching  the  meter,  verify  its  number  to 
insure  that  it  is  the  one  on  which  the  test  is  ordered. 

Rule  III 

An  inspection  of  the  general  conditions  around  the  meter  should 
then  be  made.  Where  the  location  is  dirty,  dirt,  cobwebs,  etc.. 
which  are  likely  to  fall  into  the  meter,  should  be  removed.  Condi- 
tions of  temperature,  stray  fields,  vibration,  etc.,  which  are  likely 
affect  the  accuracy  of  the  meter,  should,  however,  be  disturbed  as 
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little  as  possible  prior  to  obtaining  the  "as  found"  readings,  in 
order  that  such  readings  may  represent  as  nearly  as  possible  the 
accuracy  of  the  meter  in  service  prior  to  the  test. 

The  condition  of  the  seals  on  the  meter  should  be  examined  and 
the  wiring  leading  to  the  meter  should  be  inspected  to  detect  im- 
proper or  fraudulent  connections.  When  tampering  is  suspected,  or 
detected,  it  is  very  important  that  no  alterations  be  made  in  the 
meter  or  any  of  its  connections,  but  that  the  entire  installation  be 
left  entirely  untouched.  The  case  should  be  at  once  reported  to  the 
proper  official  of  the  company,  the  report  including  such  observa- 
tions of  the  circumstances  as  can  be  made,  without  disturbing  in  any 
way  the  conditions  and  without  arousing  the  suspicions  of  the  con- 
sumer. 

Rule  IV 

Before  opening  the  meter,  the  reading  of  the  register  should  be 
taken,  recorded  and  checked. 

Rule  V 

The  tester  should  note  whether  the  meter  is  creeping,  if  possrble, 
before  removing  the  cover.    If  the  meter  is  found  creeping,  the  rate  ' 
of  creep,  in  terms  of  the  time  required  for  one  revolution,  should 
be  determined  and  entered  in  the  test  record.     In  testing  for  creep, 
the  house  wires  should  be  disconnected  from  the  meter. 

The*  cover  should  be  removed  carefully,  the  consumer's  load 
shunted  when  necessary,  and  the  standards  connected  in  circuit.  A 
determination  of  the  load  required  to  start  the  meter  may  advan- 
tageously be  made  at  this  point. 


Rule  VI 

Readings  of  accuracy  "  as  found  "  should  be  taken  at  the  following 
loads: 

Light  load,  equal  to  10  per  cent  of  the  meter  capacity  in  commuta- 
tor type  meters,  and  5  or  10  per  cent  of  the  meter  capacity  in  induc- 
tion meters. 

Full  load,  equal  to  50  to  100  per  cent  of  the  meter  capacity. 

Normal  load,  when  required. 

These  readings  should  be  taken  in  accordance  with  the  rules  laid 
down  in  Chapter  VIII. 
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Rule  VII 

In  meters  on  grounded  systems,  a  test  should  be  made  to  deter- 
mine that  the  current  coil  of  the  meter  is  in  the  ungrounded  side 
of  the  circuit.  This  test  is  made  by  connecting  a  voltmeter,  or  in- 
candescent lamp,  from  either  terminal  of  the  current  .coil  to  a 
grounded  object,  such  as  an  active  water  pipe.  If  the  coil  is  in  the 
grounded  side,  no  voltage  between  the  coil  and  ground  will  be 
obtained,  and  the  condition  should  be  corrected,  or  reported  for  cor- 
rection. 

Rule  VIII 

The  meter  should  then  be  thoroughly  overhauled  and  adjusted  in 
accordance  with  the  proper  directions  for  the  given  type. 

Rule  IX 

The  tester  should  see  that  the  meter  is  properly  installed,  is  level, 
is  securely  supported,  etc.  External  sources  of  error,  such  as  vibra- 
tion, heat,  moisture,  chemical  fumes,  abnormal  amounts  of  dust,  etc., 
and  also  the  causes  of  any  abnormal  condition  found  within  the 
meter  should  be  investigated  and  eliminated  or  reported  for  correc- 
tion. 

Rule  X 

The  meter  should  then  be  recalibrated  with  the  same  loads  as  are 
given  above  for  the  "  as  found  "  test.  Final  readings  should  be  taken 
at  each  load. 

Rule  XI 

Creeping  meters  should,  in  all  cases,  be  corrected.  If  the  creep 
cannot  be  removed  by  the  use  of  the  adjustments  of  the  meter,  or  if 
the  meter  is  subject  to  intermittent  vibration,  the  effect  of  which  at  other 
times  than  that  of  the  test  cannot  be  determined,  a  small  iron  wire  known 
as  a  "  clip  "  should  be  placed  on  the  disk  and  so  adjusted  that  as  it 
passes  the  brake  magnets,  it  will  be  attracted  by  a  force  just  sufficient 
to  prevent  ;-otation  at  no  load. 

After  installing  the  clip,  final  readings  should  be  taken  of  starting 
current  and  accuracy  at  light  load  and  the  accuracy  readjusted,  if 
''^cessary. 
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Rule  XII 

The  meter  should  then  be  reconnected,  closed  and  sealed.  The 
final  reading  of  the  register  should  in  all  cases  be  carefully  checked 
and  recorded,  after  the  meter  is  sealed. 

Rule  XIII 

Before  leaving  the  meter,  the  tester  should  see  that  it  records,  and 
that  the  consumer's  circuit  is  complete. 

m 

Rule  XIV 

All  entries  in  the  test  record  must  be  made  at  the  time  when  the 
corresponding  work  is  done. 

The  Installation  Test: 

The  character  of  the  InstaUation  Test  is  similar  to  that  of  other 
service  tests,  special  attention,  however,  being  paid  to  the  local  con- 
ditions surrounding  the  installation. 

The  period  between  the  installation  of  the  meter  and  the  installa- 
tion test  should  in  general  be  long  enough  to  allow  the  meter,  and 
the  conditions  around  it,  to  reach  a  fairly  permanent  state,  but  not 
long  enough  to  permit  a  large  registration.  In  practice,  this  period 
does  not  exceed  thirty  days. 

In  some  cases  an  installation  inspection  is  made  immediately  after 
installation,  with  a  view  to  determining  that  the  meter  is  in  good 
operating  condition,  properly  connected,  and  that  the  location  is 
such  as  to  insure  proper  metering  conditions.  Where  such  an  in- 
spection is  made,  the  period  between  the  installation  of  the  meter 
and  the  installation  test  may  be  longer  than  otherwise. 

In  the  case  of  induction  meters  the  installation  tests  and  installa- 
« 

tion  inspection  may  be  combined,  or  in  some  cases  the  installation 
test  may  be  omitted  when  a  thorough  installation  inspection  has 
been  made.  Commutator  type  meters  should  invariably  receive  the 
installation  test. 

The  installation  test  should  ordinarily  not  be  made  until  after  the 
consumer's  installation  is  complete. 

A  longer  interval  should  be  allowed  in  the  case  of  commutator  type 
meters  than  in  the  case  of  induction  meters,  to  permit  aging  of  th 
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commutator.  Where  the  installation  inspection  is  not  sufficient  to 
insure  fairly  accurate  operation  of  the  meter,  it  may  be  necessary 
to  shorten  the  interval  to  a  few  days,  even  on  continuous  current 
meters.  This  practice  is  permissible  only  when  local  conditions  are 
such  that  possible  errors  in  registration,  in  the  interval  of  time 
between  the  installation  and  the  installation  test,  are  of  more  impor- 
tance than  the  effects  of  aging. 

Where  the  meters  are  scattered  over  a  large  territory,  the  period 
will  be  governed  to  a  limited  extent  by  the  necessity  of  testing  vari- 
ous meters  in  the  same  locality  on  the  same  day. 

Complaint  Tests: 

Meters  should  be  tested  on  complaint  of  the  consumer: 

(a)  Whenever,  after  the  elimination  of  other  causes  of  dissatis- 
faction, it  appears  possible  that  the  meter  is  at  fault. 

(b)  Whenever,  in  the  judgment  of  the  company,  a  test  is  desirable. 
The  consumer,  if  he  desires  it,  should  be  allowed  to  have  a  repre- 
sentative present  to  check  the  test  at  all  points. 

The  loads  to  be  used  in  testing  should  be  chosen  with  a  view  to 
obtaining  the  best  measure  of  the  accuracy  with  which  the  meter 
registers  the  energy  consumed.  When  the  normal  service  loads 
cannot  be  determined,  the  method  of  testing  at  three  loads  may  be 
used. 

In  addition,  such  investigations  should  be  made  as  are  necessary 
to  give  the  consumer  satisfaction.  The  points  to  be  given  consider- 
ation in  such  investigations  are  dealt  with  in  Qiapter  XIII. 

Inquiry  Tests: 

The  monthly  meter  readings  should  be  examined  and  all  abnormal 
fluctuations  in  the  registration  from  month  to  month  should  be 
investigated  with  a  view  to  discovering  errors  in  the  meter  or  other 
undesirable  conditions,  and  Inquiry  Tests  made  when  necessary. 
The  registration  will  usually  be  subject  to  certain  normal  fluctua- 
tions, such,  for  example,  as  an  increase  of  -consumption  in  winter. 
Such  fluctuations  are  taken  account  of  by  applying  a  general  knowl- 
edge of  the  conditions,  and  by.  comparing  the  registration  with  that 
during  the  same  months  of  previous  years   (Chapter  XIII). 

Cases  of  high  registration  should  be  handled  in  a  manner  similar 
to  complaints. 

In  cases  of  low  registration,  the  work  done  is  only  slightly  differ- 
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ent,  the  emphasis  being  placed  on  causes  for  real,  or  apparent,  de- 
crease in  energy  consumption,  such  as  a  defective,  or  damaged 
meter,  defective  wiring,  tampering,  absence  or  removal  of  consumer 
from  the  premises,  use  of  other  illuminants,  etc. 

Repair  Tests: 

Meters  vrhich  are  damaged,  or  which  develop  serious  defects  in 
service,  should  usually  be  replaced.  When,  however,  the  repairs 
are  of  a  less  serious  nature,  they  may  be  made  without  removing 
the  meter.  Testers  carry  supplies  of  the  small  parts  with  them, 
and  execute  minor  repairs  in  the  course  of  the  ordinary  testing  work. 
In  some  cases,  it  is  the  practice  to  employ  special  repair  men,  who 
do  not  readjust  the  meter.  A  subsequent  test,  known  as  the  Repair 
Test,  is  then  required  to  place  the  meter  in  accurate  condition. 
In  character,  the  test  is  similar  to  the  installation  test  and  should  be 
made  as  soon  as  possible  after  the  repairs. 

In  the  interval,  the  adjustment  of  the  meter  should  be  so  set  that 
there  will  be  no  danger  of  the  meter  running  fast.  Induction  meters 
should  be  returned  to  the  meter  laboratory  for  any  repairs  involving 
a  change  in  the  lag  adjustment  unless  facilities  are  available  for  test- 
ing in  service  on  an  inductive  load. 

Check  Tests: 

Many  companies  find  it  advantageous  to  employ  a  system  of  Check 
Tests  to  insure  that  the  meter  adjustment  and  manipulation  are  being 
carried  out  accurately.  Such  a  system  is  advantageous  as  an  aid 
in  determining  the  relative  efficiency  of  the  men.  Checking  is  valu- 
able also  as  a  means  of  encouraging  improvements  in  the  work  and 
giving  the  management  greater  confidence  in  the  results. 

The  checks  are  usually  made  within  twenty-four  hours  after  the 
original  tests,  and  consist  of  a  verification  of  the  accuracy  and  an 
examination  of  the  condition  of  the  meter. 

In  a  large  organization,  the  work  is  preferably  carried  on  by  a 
group  of  men  detached  from  the  organization.  An  advantageous 
arrangement  is  to  employ  a  man  to  act  as  instructor  in  training  the 
men  and  also  to  take  charge  of  checking.  Where  the  size  of  the 
organization  does  not  permit  this  arrangement,  the  checking  may  be 
done  by  a  foreman  or  by  an  outside  testing  authority. 

The  proportion  of  each  man's  tests  to  be  checked  varies  with  the 
degree  of  experience  and  demonstrated  reliability  of  the  tester. 
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Meters  chosen  for  checking  should  be  distributed  uniformly  be- 
tween the  various  types  of  installation,  with  the  exception  that 
preference  should  be  given  to  cases  where  errors  are  especially  likely 
to  occur,  such,  for  example,  as  meters  so  installed  that  it  is  difficult 
to  make  an  accurate  test. 

Meters  found  outside  the  limits  of  adjustment  should  be  readjusted 
and  the  matter  brought  to  the  attention  of  the  tester  concerned. 

Referee  Tests: 

In  case  of  dispute  in  regard  to  the  accuracy  of  a  meter,  a  repre- 
sentative of  an  outside  agency  is  often  called  in  as  a  referee.  The 
referee  may  merely  witness  the  tests  made  by  the  company,  check- 
ing the  observations  and  the  calculations  at  such  points  as  he  may 
desire,  or  the  referee  may  test  the  meter  against  an  independent  set 
of  standards,  in  which  case  his  standards  and  those  of  the  company 
should  be  connected  in  circuit  and  the  readings  of  meter  accuracy 
taken  simultaneously.  A  careful  comparison  of  the  two  sets  of  in- 
struments should  be  made  before  the  test,  and  if  a  discrepancy  of 
over  0.5  per  cent  at  any  of  the  loads  to  be  used  is  found,  the  error 
should  be  located  by  comparing  both  sets  of  instruments  with  pri- 
mary standards  before  proceeding  with  the  test. 

No  seal  should  be  broken  by  other  than  an  accredited  representa- 
tive of  the  company.  ♦ 

Most  civic  commissions  will,  upon  formal  application  of  any  con- 
sumer, make  a  test  upon  the  consumer's  meter,  under  the  super- 
vision of  the  commission's  inspector  and  with  the  standard  instru- 
ments of  the  commission.  For  such  test  a  nominal  fee  must  be 
paid  by  the  consumer  making  application  for  the  test,  if  the  meter 
is  found  to  be  slow  or  correct  within  the  allowable  limits,  and  by 
the  company  owning  the  meter,  if  the  meter  is  found  to  be  fast 
beyond  the  allowable  limit.     (See  Chapter  XIII.) 

Inspections: 

In  practice,  cases  occur  where  it  is  advantageous  to  obtain  an 
approximate  idea  of  the  condition  of  the  meter  without  recourse  to 
a  complete  test  against  accurate  standards.  ^ 

The  following  approximate  methods  for  obtaining  a  rough  idea  of 
the  accuracy  of  a  meter  are  useful  in  connection  with  inspections. 
•    (a)  The  meter  may  be  loaded  by  means  of  lamps  whose  watt  con- 
sumption at  the  normal  voltage  of  the  line  is  known,  and  timed  by 
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means  of  a  stop  watch.  This  test  will  be  accurate  except  for  errors 
introduced  by  deviations  in  the  line  voltage  from  the  assumed  value. 

(b)  The  meter  may  be  timed  on  the  consumer's  load,  and  a  com- 
parison made  between  the  watts  indicated  by  it  and  the  estimated 
consumption  of  the  consumer's  apparatus.  Disagreement  will  indi- 
cate either  a  serious  error  in  the  meter  or  an  abnormal  condition  in 
the  consumer's  apparatus. 

Installation  inspections  are  sometimes  made  as  an  extra  precau- 
tion prior  to  the  installation  test.  In  the  case  of  small  capacity  in- 
duction meters,  the  installation  inspection  may  take  the  place  of  the 
installation  test. 

In  such  inspections  the  following  points  should  be  observed  and 
checked: 

Is  the  location  desirable  from  the  standpoint  of  effect  of  dust, 
dampness,  vibration,  stray  fields  and  liability  of  meter  to  physical 
damage? 

Is  the  meter  supplied  with  proper  voltage,  current  and  frequency? 

Is  the  meter  actually  connected  to  the  particular  load,  or  installa- 
tion, the  consumption  of  which  it  is  intended  to  measure? 

Is  the  meter  properly  connected? 

If  the  meter  is  of  the  polyphase  or  three-wire  type,  is  it  so  con- 
nected as  not  to  be  subjected  to  reversed  torque  from  one  side  of 
the  system? 

Does  the  meter  creep? 

Do  the  meter  number  and  constants  check  with  capacity  and  type 
of  meter  and  the  installation  records? 

Is  the  accuracy  of  the  meter  on  light  load,  as  determined  by  small 
calibrated  lamp,  or  similar  test,  approximately  correct? 

The  accuracy  of  testing  and  sources  of  possible  errors  will  now  be 
discussed. 

In  the  determination  of  percentage  of  accuracy  of  a  watt-hour 
meter  the  timing  of  the  meter  should  receive  attention. 

In  order  to  minimize  the  effect  of  personal  errors  and  the  stopping 
and  starting  errors  inherent  in  the  rotating  standard,  or  stop  watch, 
each  observation  should  cover  a  period  of  not  less  than  30  seconds. 

In  tests  at  light  load  a  period  of  30  to  40  seconds  will  often  com- 
prise only  one  revolution,  and  it  is  necessary  to  use  a  distinct  mark 
on  the  disk  and  to  time  from  the  instant  that  the  edge  of  this  mark 
passes  some  sharply  defined  point,  such,  for  example,  as  the  corner 
of  one  of  the  drag  magnets. 

As  to  the  number  of  readings,  at  least  three  determinations  should 
be  made  at  each  load.    When  any  two  of  the  values  of  percentage 
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of  accuracy  found  in  the  three  determinations  differ  by  more  than 
one  per  cent,  the  observations  should  be  repeated  until  three  values 
agreeing  within  one  per  cent  are  obtained.  The  accuracy  reported 
should  be  the  average  of  all  the  readings  taken;  discarding,  however, 
readings  in  which  a  mistake  has  obviously  been  made. 

When  conditions  justify  it,  a  narrower  limit  may  be  required,  but 
a  closer  agreement  than  I  per  cent  cannot  reasonably  be  expected. 

Difficulty  in  checking  indicates  variations  in  the  meter  under  test, 
variations  in  the  standards  or  abnormal  variations  in  the  testing  load. 
The  cause  should  in  all  cases  be  ascertained. 

The  percentage  of  accuracy  is  computed  by  comparing  the  cor- 
rected readings  of  the  standards  and  the  load  indicated  by  the  watt- 
hour  meter,  as  obtained  by  the  proper  formula.  The  computations 
are  advantageously  made  on  the  lower  scale  of  a  lo-inch  slide  rule, 
which  gives  results  quickly  and  as  accurately  as  is  warranted  by 
the  accuracy  of  the  observations. 

The  expression  of  test  results  to  a  closer  degree  of  accuracy  than 
the  observations  warrant  is  to  be  avoided  as  misleading.  In  report- 
ing, the  expression  of  the  results  to  the  nearest  o.i  per  cent  is  suffi- 
cient, or  to  record  the  actual  readings  of  the  slide  rule,  which  will  be 
within  o.i  or  0.2  per  cent,  is  permissible.  Where  a  final  average  is 
taken,  as  in  complaint  tests,  the  results  should  be  expressed  only  to 
the  nearest  O.I  per  cent. 

Example  i.  A  meter  of  the  following  description  is  tested  at  full  load, 
with  the  results  given  below: 

Two-wire,   iio-volt,    lo-ampere  meter 

Watt-hour  constant  ( Kj^) =0.5 

Watt-second  constant  ( K^ )    =  1,800 

Revolutions  timed   ( R) =20 

First  Second  Third 

Observa-  Observa-       Observa- 

tion tion  tion 

Voltmeter    indication 111.5  mo  111.8 

Correction   of   voltmeter — 0.4  — o.'4  —0.4 


True   volts iii.i  110.6  111.4 

Ammeter   indication 9-55  9-53  9-57 

Correction   to   ammeter +0.02  +0.02  +0.02 

True   amperes 9-57  9-55  9-59 
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First  Second  Third 

Observa-         Observa-        Observa- 
tion tion  tion 

True  watt* 1063.0*        1056.0*        1068.0* 

Seconds  indicated  by  stop  watch 54.7  34.8  34.6 

Corrections,  to  stop  watch ; . . .     +0.1  +0.  i  4-0.  i 

True  seconds   (S) 34.8  34.9  34.7 

Meter  watts  =  — — =  1,034*  1,032*        1,037* 

True  watts     =  W    =  1,063*  1,056*        1,068* 

1034 
Percehtage  of  accuracy  of  meter  =  -—r~  X   100    97-3%      97-7%      97.1% 

1063  . 

Average 97-4% 

Example  2.  The  calculation  shown  in  Example  i  may  also  be  carried 
out  as  follows: 

Meter  watt-seconds  =  KgR  =  1,800  X  20  =  36,000. 

True    watt-seconds  =  WS  =  1,063  +  34-8  =  37,ooo*      36,850*      37,060* 

36,000 

Percentage  of  accuracy  of  meter X   100  =  97.3%      97-7%      971% 

37.000 

Average  (at  given  load) 97-4% 

Or  as  follows, 

KsR  1,800  X  20 

Percentage  of  accuracy  =-7777:  X    100  = — ; — 3 -X   100  —  973% 

WS  1.0^3  X   34.5 

i.roo  X  20 

= X  100  =  97.7% 

1.055  X  34,9 

1.800  X  20 

= X  20  X  100  =  97.1% 

1,068  X  34.7 

Average 974% 

*To  nearest  0.1% 

To  eliminate  personal  errors,  select  proper  standards.  Do  not  at- 
tempt to  use  instruments  built  for  continuous  current  measurements 
on  alternating  current  work. 

An  induction  standard  should  be  used  only  on  a  circuit  having  a  fre- 
quency for  which  the  standard  is  built. 
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The  use  of  standards  so  large  that  readings  will  be  taken  at  small 
percentage  loads  should  be  avoided.  Standards  of  doubtful  accuracy 
should,  of  course,  never  be  used. 

Incorrectly  reading  scales  of  instruments,  rotating,  standards,  or 
stop  watches,  may  introduce  a  large  error  in  final  results.  The 
remedy  is  to  become  thoroughly  acquainted  with  the  value  of  the 
divisions  in  the  units  of  what  is  attempted  to  be  measured.  This 
precaution  is  particularly  applicable  to  instruments  having  two  or 
more  ranges,  where  the  value  of  one  division  will  be  different  in  each 
range.     Practice  reading  correctly  to  tenths  of  divisions. 

The  proper  precautions  should  be  taken  to  avoid  parallax  errors. 

Where  the  line  voltage  or  load  is  fluctuating,  care  should  be  taken 
to  properly  average  values.  The  correct  value  is  the  time  average, 
rather  than  the  average  between  the  highest  and  lowest  values.  A 
large  deviation  from  the  average  deflection  for  a  small  time  may 
have  no  more  effect  than  a  small  deviation  for  a  longer  time.  In 
other  words,  each  reading  of  the  indicator  should  be  given  a  weight 
depending  upon  how  long  the  pointer  remains  at  that  deflection. 

For  example,  if  the  indicator  of  a  voltmeter  remains  at  no  during 
the  first  20  seconds,  and  at  in  during  the  remaining  20  seconds 
of  a  40-second  reading,  the  average  is  110.5.  If  the  indicator  remains 
at  no  during  the  first  5  seconds  and  at  in  during  the  remaining 
35  seconds  of  a  40-second  reading,  the  average  is 

(5Xiio)  +  (35Xiii)_ 

z  10.9. 

40 

In  an  ordinary  case  in  practice,  a  rapid  succession  of  readings 
would  give  a  large  variety  of  deflections,  varying  by  a  few  tenths  of 
a  per  cent,  so  that  a  certain  calculation  like  the  above  would  be 
unwarrantably  tedious.  The  average  deflection  is  therefore  usually 
obtained  by  estimation,  bearing  in  mind  the  above  principle. 

Accurate  results  can  be  obtained  only  by  taking  the  average  of  a 
sufficient  number  of  independent  readings.  Where  abnormal  varia- 
tions occur,  the  tests  should  be  repeated  until  consistent  results  are 
obtained. 

Improper  and  poor  connections  may  introduce  very  serious  errors. 
When  testing  meters  or  instruments,  be  sure  that  neither  the  stand- 
ard or  the  one  being  tested  measures  the  potential  circuit  energy  of 
the  others.  Be  sure  to  have  the  same  voltage  impressed  upon  the 
standard  and  the  apparatus  to  be  tested.  Be  sure  that  there  is  no 
current  diverted,  between  apparatus  to  be  tested  and  the  standard. 
watt-hour  meter  testing  this  diversion  may  be  to,  or  by,  test  lamps, 
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pilot  lights,  consumer's  load  or  leaks  through  faults  in  leads  and  test- 
ing apparatus.  All  electrical  connections  should  be  clean  and  free 
from  grease  and  should  have  a  proper  amount  of  bearing  pressure. 
This  applies  particularly  to  leads  between  millivoltmeter  and  shunt 
on  account  of  the  "drop"  across  the  shunt  generally  being  but  a 
small  fraction  of  a  volt. 

Millivoltmeter  leads  should  not  be  changed  without  recalibrating 
the  instrument  with  the  new  leads.  Care  should  be  taken  that  there 
is  no  leakage  of  current  between  millivoltmeter  and  shunt  and  that 
there  is  no  break  in  the  leads,  or  strands  of  the  leads. 

Failure  to  recheck  at  full  load  after  changing  light  load  adjustment 
may  introduce  an  error  which  will  leave  the  meter  outside  of  the 
limits  of  accuracy  aimed  at. 

Absence  of,  or  incorrect,  diagnosis  of  abnormal  conditions  in  a 
meter  may  cause  an  error  to  appear  some  time  after  a  test  is  made. 
This  might  be  caused  by  short  circuits  in  commutator,  series  resist- 
ance or  series  impedance  which  may  afterwards  clear  themselves 
and  cause  meters  to  have  errors,  on  the  fast  side,  which  they  did 
not  have  when  tested.  Meters  adjusted  with  small  particles  in  them 
which  may  change  position  and  thus  vary  the  friction,  may  cause 
the  meter  to  register  either  "  fast "  or  "  slow,"  especially  at  light 
loads. 

Failure  to  allow  the  potential  circuits  of  some  types  of  meters 
(especially  commutator  types)  to  come  to  the  proper  temperature, 
after  being  out  of  circuit,  will  give  results  which  indicate  that  the 
meter  is  faster  than  it  really  is  under  normal  operating  conditions. 

Errors  of  starting  and  stopping  are  not  always  in  the  same  direc- 
tion, but  may  be  positive  at  starting  and  negative  at  stopping,  or  vice 
versa,  or  may  be  accumulative. 

Only  by  considerable  practice  in  starting  and  stopping  rotating 
standards  and  stop  watches  and  determining  the  exact  instant  when 
a  mark  on  the  moving  element  passes  a  fixed  mark,  can  these  errors 
be  ^educed  to  a  minimum. 

Results  of  the  tests  should  be  calculated  with  care.  Greatest 
attention  must  be  used  that  the  proper  test  constant  is  utilized.  A  formula 
and  method  that  involves  as  few  operations  as  possible  should  be  selected. 

When  using  a  slide  rule,  thorough  acquaintance  with  the  scale  is 
neci^ssary,  if  errors  are  to  be  avoided. 

To  avoid  errors  in  noting  results  on  test  forms,  this  work  should 
be  done  at  the  time  and  place  where  the  test  is  made.  As  progres- 
sion is  made  from  one  step  to  another  in  the  work,  the  form  should 
be  carefully  and  accurately  filled  out. 


'I 


72  ELECTRICAL  METERMAN'S  HANDBOOK 


Inherent  errors  in  instruments  have,  of  course,  direct  bearing  on 
the  tests. 

A  zero  error  is  that  error  due  to  the  indicator  not  returning  to  zero 
when  the  force  causing  it  to  deflect  is  removed.  Most  instruments 
will  allow  the  indicator  to  be  reset  to  zero  without  appreciably 
changing  the  calibration,  and  some  instruments  have  a  special  device 
for  setting  to  zero  without  removing  the  cover.  If  the  scale  is  uni- 
form the  zero  error  can  be  estimated  or  measured  and  allowed  for. 
Where  the  scale  is  not  uniform  it  is  a  difficult  matter  to  make  the 
proper  allowance. 

If  the  scale  is  improperly  divided,  the  per  cent  error  will  vary  at 
different  points,  and  an  accuracy  curve  should  be  used  with  the  in- 
strument. 

When  the  indicator  of  an  instrument  is  sluggish,  due  to  friction,  the 
indication  is  liable  to  be  either  too  high  or  too  low  and  may  cause  a 
variable  zero  error. 

This  error  can  be  detected  by  tapping  the  case  gently  with  the 
fingers,  and  if  found  to  exist,  the  instrument  should  be  returned  to 
the  company's  laboratory  for  correction. 

If  the  movable  element  is  not  dead  beat  the  swinging  motion,  due 
to  small  fluctuations,  will  not  allow  exact  readings  to  be  taken. 

Static  charges  will  sometimes  cause  an  indicator  to  indicate  when 
not  connected  in  circuit.  If  the  glass  in  the  cover  of  the  instrument 
is  cleaned  just  before  using,  it  may  become  statically  charged  and 
cause  the  indicator  to  deflect.  Blowing  the  breath  on  the  window  or 
touching  it  once  or  twice  with  damp  fingers  will  generally  remove 
the  charge. 

When  making  tests  upon  high  voltage  circuits,  one  of  the  greatest 
sources  of  error  is  that  produced  by  a  static  charge,  which  causes 
the  instrument  to  appear  sluggish  or  erratic,  or  causes  the  needle 
to  deflect  above  or  below  zero  before  the  circuit  has  been  com- 
pleted. 

This  source  of  error  can  usually  be  eliminated  by  the  application 
of  the  suggestions  made  in  Chapter  V  for  the  same  conditions,  the 
same  precautions  against  personal  injury  and  damage  to  voltmeters 
or  wattmeters  being  observed  as  were  proposed  there. 

Temperature  errors  are  those  errors  due  to  changing  of  tempera- 
ture in  parts  of  the  instrument  due  to  either  or  both  outside  or 
inside  influence.  Readings  will  not  only  vary  with  varying  tempera- 
ture of  surrounding  atmosphere,  but  may  have  large  errors  due  to 
continued  passage  of  current  through  them. 

There  are  two  sources  of  errors  in  shunts  due  to  temperature,  viz,, 
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change  in  resistance  and  thermoelectric  effect.  These  errors  should 
be  carefully  guarded  against  by  using  shunts  of  low  temperature 
coefficient  metal,  and  by  being  careful  that  one  end  of  a  shunt  is 
not  heated  to  a  higher  temperature  than  the  other  end.  The  electrical 
connections  at  each  tefminus  should  be  equally  good.  The  metal  of  the 
shunts  should  have  a  low  thermoelectromotive  force  against  copper. 

Some  current  transformers  are  built  so  that  the  ratio  can  be 
changed  by  changing  the  arrangement  of  some  plug  or  link  connec- 
tions. 

To  avoid  errors  in  using  these  transformers,  the  plugs  or  links 
should  be  in  the  primary  circuit  and  care  should  be  taken  to  place 
them  in  their  proper  places  for  the  desired  ratio.  A  misplaced  plug 
or  link  will  cause  a  large  erfor. 

Errors  may  arise  from  the  use  of  low  voltage  potential  transform- 
erSy  for  obtaining  load,  under  certain  conditions. 

Some  shunts  are  so  constructed  of  multiple  leaves  that  the  leaves 
return  upon  themselves,  separated  by  thin  slabs  of  insulating  mate- 
rial. If  this  insulation  drops  out  it  may  allow  the  blades  to  short 
circuit,  thus  lowering  the  resistance  of  the  shunt.'  Again,  there  is 
placed  in  some  multiple  range  portable  shunts,  adjusting  resistances 
in  series  with  the  millivoltmeter.  If  any  portion  of  these  becomes 
short  circuited,  it  will  produce  a  reading  of  the  millivoltmeter  which 
is  too  high. 

If  the  resistance  material  has  an  appreciable  temperature  coeffi- 
cient, errors  due  to  the  change  in  temperature  caused  by  the  flow  of 
current  might  be  considerable  and  indeterminate,  due  to  the  fact  that 
the  temperature  would  be  difficult  to  measure. 

The  constant  heating  and  cooling  of  the  resistance  material  is  also 
liable  to  cause  changes  in  the  resistance.  Then,  too,  as  the  leads  are 
considered  part  of  the  resistance,  a  fault  in  these  may  introduce  seri- 
ous errors. 

If  calibrated  resistances  are  to  be  used  for  alternating  current  test- 
ing, they  should  be  non-inductively  wound,  otherwise  the  true  value 
of  wattages  corresponding  to  the  voltmeter  readings  will  be  too  low. 

The  inherent  errors  in  rotating  standards  are  principally  as  fol- 
lows: 

Changes  of  temperature  will  generally  produce  slight  changes  in 
the  accuracy  of  rotating  standards.  This  error  is  not  large,  but  if  the 
rotating  standard  is  to  be  used  in  temperatures  varying  widely  from 
that  at  which  it  was  calibrated,  it  would  be  well  to  know  just  how 
much  effect  the  temperature  will  have  on  the  particular  rotatitr 
(stanHarrI  to  he  used.     The  resistance  of  notential   rirniits   of  ronti 
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uous  current  rotating  standards  changes  with  the  rise  in  temperature 
due  to  current  passing  through  them.  It  is  therefore  necessary  to 
use  the  rotating  standards  after  this  temperature  has  become  constant 
or  that  some  temperature  correction  device  be  used. 

Inertia  of  moving  element  in  starting  and  stopping  sometimes 
causes  errors.  These  errors  occur  in  the  potential  switch  method, 
but  arc  absent  in  a  method  where  continuous  rotation  is  used.  It 
has  been  discovered  that  the  loss  of  revolutions  in  starting  is  gen- 
erally greater  than  the  gain  in  stopping,  but  this  error  is  small 
enough  to  be  practically  negligible  in  commercial  meter  testing. 

Some  switches  introduce  errors  by  acting  slower  when  turned  oflF 
than  when  turned  on  or  vice  versa. 

Stop  watch  errors  should  be  guarded  against.  These  errors  are 
discussed  in  Chapter  V. 

Continuous  current  instruments  often  are  used  in  such  places  that 
a  considerable  error  is  introduced  due  to  effects  of  stray  magnetic 
fields.  These  errors  may  be  either  positive  or  negative  in  their  effect. 
If  the  deflection  is  steady  the  presence  of  such  fields  may  be  de- 
tected by  turning  the  instrument  (horizontally)  through  i8o  degrees. 

The  stray  field  may  be  introduced  by  conductors  carrying  current; 
other  instruments;  motors;  masses  of  iron;  rheostats;  other  electrical 
apparatus,  or  the  earth's  field.  Hence,  instruments  should  be  set 
up  far  enough  away  from  these  things  that  the  effect  of  the  stray 
field  will  be  negligible.  Packing  boxes  may  contain  iron,  and  should 
be  avoided  as  a  place  on  which  to  use  instruments,  unless  their  con- 
tents are  known  not  to  consist  of  material  with  magnetic  charac- 
teristics. Strong  magnetic  fields  will  sometimes  not  only  produce 
errors  in  measurements,  but  may  change  the  strength  of  magnets 
and  hence  permanently  alter  the  accuracy  of  an  instrument.  In- 
struments of  the  dynamometer  type  are  generally  more  sensitive  to 
stray  fields  than  those  of  the  D'Arsonval  type  and  almost  invariably 
should  have  readings  taken  upon  reversed  polarity,  and  the  mean  of 
the  two  readings  taken  as  the  true  reading.  Some  instruments  are 
shielded  by  iron  cases  or  separate  iron  shields  or  boxes  and,  when 
so  shielded,  it  takes  a  field  of  considerable  strength  to  introduce 
appreciable  errors.     (See  Chapter  IX.) 

Instruments  used  on  alternating  current  are  affected  by  magnetic 
forces  in  a  manner  similar  to  those  of  continuous  current,  but  the 
magnetic  fields  producing  errors  must  be  alternating  and  of  the  same 
frequency  as  the  current  being  measured.     Unidirectional  stray  fields 

ive  practically  no  effect  on  their  accuracy. 
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Continuous  current  rotating  standards  are  affected  by  stray  fields 
in  a  manner  similar  to  continuous  current  instruments.  They  should 
always  be  set  up  with  the  plane  of  their  current  coils  parallel  to  the 
lines  of  force  of  the  stray  fields.  (See  Rotating  Standard  Method  of 
Testing  in  Chapter  VIII.) 

Alternating  current  rotating  standards  of  the  induction  type  are 
very  little  affected  by  stray  fields,  but  care  should  be  taken  to  keep 
them  away  from  conductors  carrying  heavy  alternating  currents, 
alternating  current  motors,  transformers  and  other  apparatus.  A 
strong  field,  either  alternating  or  continuous,  may  cause  the  rotating 
element  to  run  slow,  due  to  the  extra  drag  on  the  disk  or  cup. 

Service  watt-hour  meters  quite  frequently  come  within  the  influ- 
ence of  stray  magnetic  fields.  It  is  practically  impossible  to  reverse 
the  polarity  on  most  commutator  type  meters  and  still  preserve  accu- 
racy. The  earth's  field  alone  has  an  appreciable  effect  on  light  loads. 
Meters  can  generally  be  adjusted  to  compensate  for  the  effect  of 
stray  fields,  but  there  is  seldom  the  assurance  that  the  stray  field  will 
remain  constant.  The  leads  to  the  watt-hour  meter  may  be  in  such  a 
position  that  the  field  set  up  by  the  passage  of  current  will  alter  the 
accuracy  of  the  meter.  Care  should  be  taken,  therefore,  in  the 
arrangements  of  jumpers  and  testing  leads  that  a  different  field  is  not 
set  up  than  there  is  under  actual  operating  conditions.  This  applies 
particularly  to  large  capacity  meters. 

Avoid  setting  meters  so  close  together  that  one  meter  affects  the 
registration  of  another.  Meters  placed  close  to  masses  of  iron  will 
sometimes  magnetize  the  iron  to  such  an  extent  that  an  inaccuracy 
is  introduced.  This  is  liable  to  occur  where  the  heavy  current  due 
to  short  circuit  has  passed  through  a  meter,  setting  up  momentarily 
a  large  magnetizing  force. 

It  will  be  seen  that  there  are  many  sources  of  error  and  that  there 
is  no  assurance  of  one  error  being  compensated  by  another.  There- 
fore it  is  necessary  to  be  constantly  watchful,  if  final  results  are  to 
have  a  minimum  error.  Hard  and  fast  rules  cannot  be  set  down  for 
all  cases,  but  in  each  case  it  will  probably  have  to  be  determined 
where  errors  might  occur  and  proper  precautions  taken  to  avoid 
them. 

In  testing  continuous  current  watt-hour  meters  on  consumers' 
premises,  the  order  of  work  given  below  applies  to  meters  having  the 
most  common  arrangement  of  parts,  that  is,  with  the  weight  of  the 
moving  element  supported  on  the  lower  bearing,  and  the  commuta- 
tor and  register  near  the  top  bearing. 
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In  Commutator  Type  Meters: 

1.  After  the  test  "  as  found,"  clean  the  meter  thoroughly,  removing 
any  dust  or  dirt  which  may  have  collected. 

2.  Remove  and  examine  the  register,  first  having  recorded  its 
reading. 

3.  Clean  the  top  bearing. 

4.  Clean  the  commutator  and  brushes. 

5.  Examine  the  step  bearing. 

6.  Adjust  the  height  of  disk.  Examine  magnets  for  filings  and 
clean. 

7.  Test  the  level  of  the  meter  and  correct  or  report. 

8.  Adjust  the  brush  tension. 

9.  Reset  and  replace  the  register  and  see  that  it  meshes. 

10.  Before  calibrating  the  meter,  blow  or  brush  out  thoroughly  to 
remove  dirt  that  may  have  resulted  from  cleaning  the  various  parts. 

11.  Clean  the  cover  thoroughly  and  examine  for  holes  before  re- 
placing. 

The  adjustments  of  a  meter  are  those  made  at  full  load  and  at 
light  load. 

The  full  load  adjustment  is  obtained  in  most  meters  by  changing 
the  position  of  the  drag  magnets  or  by  varying  the  amount  of  flux 
passing  through  the  disk.  The  change  produced  in  the  percentage 
accuracy  is  substantially  the  same  on  all  loads;  that  is,  if  the  accu- 
racy is  95  per  cent  at  both  full  load  and  light  load,  shifting  the  full 
load  adjustment  so  as  to  increase  the  speed  5  per  cent  will  make  the 
meter  approximately  correct  at  both  loads. 

The  light  load  adjustment  is  obtained  by  varying  the  amount  of  the 
friction  compensating  torque.  The  effect  of  this  is  inversely  propor- 
tional to  the  load;  that  is,  twice  as  much  at  5  per  cent  load  as  at  10 
per  cent  load;  one-tenth  as  much  at  full  load  as  at  10  per  cent  load. 
For  example,  if  a  meter  is  i  per  cent  slow  at  100  per  cent  load  and 
10  per  cent  slow  at  10  per  cent  load,  shifting  the  light  load  adjust- 
ment to  correct  the  error  at  light  load  will  also  correct  the  error 
at  full  load.  When  the  tester  knows  that  the  light  load  adjustment 
will  have  to  be  shifted  by  a  large  amount,  he  can  save  time  making 
an  allowance  for  it  in  his  first  setting  of  the  full  load  adjustment. 

Generally,  when  a  meter  is  found  inaccurate,  the  cause  is  some 
condition  in  the  meter  which  should  be  removed  rather  than  compen- 
sated for.  In  such  cases  the  tester  should  always  locate  the  trouble, 
and  the  adjustments  should  not  be  shifted  unless  the  meter  is  still 

iccurate  after  going  over  all  the  parts  and  restoring  them  to  per- 
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feet  condition.    The  principal  troubles  to  be  looked  for  under  various 
conditions  are  given  in  the  following  table: 

Commutator  Type  Meters 

METERS  FOUND  LOOK  FOR 

Slow.     Full  load  and 

light  load Short  or  open  circuit  in  armature;  short  cir- 
cuit in  commutator;  incorrect  angle  between 
the  coils  and  the  commutator;  short  cir- 
cuit in  current  coils;   loose  magnets. 

Slow.     Principally  at 

light  load Defective    bearing;    rough    commutator;    too 

much  brush  tension;  iron  filings  on  mag- 
nets; other  causes, of  friction;  stray  fields; 
loose  light  load  adjustment. 

Fast.      Full  load  and 

light  load Weakened    or   loose    magnets;    short    circuits 

in  scries  resistance. 

Fast.      Principally  at 

light  load Too   little   brush   tension;    stray   fields;   loose 

light-load  adjustment;  vibration. 

Causes  of  Inaccuracy. 

To  save  time  in  making  adjustments,  the  tester  should  learn,  by 
experience,  how  much  shift  is  required  for  a  given  percentage  change. 

In  meters  where  the  full  load  adjustment  is  obtained  by  moving 
the  magnets,  a  small  movement  has  a  considerable  effect  on  the 
accuracy,  and  care  is  therefore  required  to  obtain  the  correct  ad- 
justment. Leaving  the  clamp  screws  tight  and  forcing  the  magnets 
by  prying  with  a  screw  driver  or  other  implement  is  not  permissible, 
as  the  meter  may  be  injured.  If  the  screws  are  entirely  loosened, 
the  magnets  are  apt  to  be  shifted  while  tightening  them.  The  best 
method  is  partially  to  tighten  the  screws  so  that  the  magnets  may 
be  moved  without  much  difficulty  and  yet  will  stay  where  they  are 
pat.  A  special  wrench  for  moving  the  magnets  is  sometimes  used. 
The  screws  should  be  thoroughly  tightened  before  the  final  rechec*' 
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micrometer  screws  are  not  to  be  depended  upon  to  keep  the  adjust- 
ment permanent  and  the  set  screws  should  be  carefully  tightened. 
The  effect  of  either  an  open  circuit  or  a  short  circuit  in  an  arma- 
ture coil  is  to  cause  the  meter  to  run  slow.  Various  possible  condi- 
tions are  shown  in  Figs.  246  to  249. 


Pig.  246. — ^Armature  with  Leads  Disconnected  from  Commutator  Bar. 


If  the  lead  running  from  two  of  the  coils  is  disconnected  from 
the  commutator  bar,  as  shown  at  Fig.  246,  then  when  either  brush  rests  on 
the  bar,  there  is  no  circuit  through  the  armature  and  the  meter  will 
not  start.    If  a  single  coil  is  open,  as  shown  at  Fig.  247,  only  one-half  the 

•ils  will  be  in  circuit,  but  each  will  receive  the  total  current.     On 
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account  of  the  increased  resistance  of  the  armature,  the  current  is 
reduced,  causing  the  meter  to  run  slow  but  with  a  uniform  speed. 

The  efifect  of  two  open  circuits  in  the  armature  is  shown  in  Fig.  248. 
During  a  part  of  the  revolution  current  passes  through  one-half  of 


Fig.  347. — ^Axxnature  with  Open  Circuit  ia  Oxm  Coil. 


the  armature  only,  and  for  the  remainder  of  the  revolution  the  cir- 
cuit 18  open  and  the  meter  will  stop. 

A  short  circuit  between  two  commutator  bars  or  in  a  coil,  as 
shown  in  Fig.  249,  will  make  the  coil  inactive  in  all  parts  of  the  revolution. 
thus  reducing  the  torque  and  causing  the  meter  to  run  slow. 
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« 

Tests  for  Defects. 

The  usual  tests  for  defects  in  the  armature  are  as  follows: 
(a)  A   pair  of  metallic  points    (Fig.   250)    connected   to   a   voltmeter 
may  be  placed  in  contact  with  adjacent  commutator  bars.    The  same 


Pig.  248. — ^Armature  with  Open  Circuit  in  Two  CoiU. 

drop  should  be  obtained  across  each  coil.  A  short  circuit  will  give 
lower  and  an  open  circuit  higher  than  the  normal  voltage.  The 
points  should  touch  the  bars  near  the  end,  so  as  not  to  roughen  the 
part  of  the  commutator  on  which  the  brushes  bear. 

^b)  A  voltmeter  may  be  connected  to  the  brushes  and  the  ob- 
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served  drop  compared  with  the  correct  drop  for  the  given  type  of 
meter.  If  a  lead  is  disconnected  from  the  commutator  bar  nearly 
full-line  voltage  will  be  obtained  when  this  bar  is  under  the  brush. 
An  open  circuit  in  a  coil  will  give  nearly  double  the  normal  voltage. 
Short  circuited  coils  will  reduce  the  voltage. 


Fig.  249. — ^Armature  with  Short  Circuit  between  Two  Commutator  Bars. 


(c)  A  lamp  or  voltmeter  may  be  used  for  detecting  a  short  circuit 
or  an  open  circuit  by  connecting  it  to  the  line  in  series  with  the 
injured  part  and  judging  the  amount  of  resistance  by  the  decrease 
in  voltage.  In  making  this  test  on  the  commutator,  the  regular 
connections  of  the  voltage  circuit  to  the  line  must  be  removed. 
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Short  circuits  and  open  circuits  often  occur  at  the  commutator,  in 
which  case  they  are  ordinarily  easily  repaired.  If  the  defect  is  in 
the  winding  itself,  the  armature  must  be  replaced. 

Commutator  and  Brushes. 

The  commutator  and  brushes  are  the  most  sensitive  part  of  the 
meter,  and  must  be  kept  in  the  best  possible  condition. 

Aging. 

When  the  commutator  and  brushes  are  properly  adjusted  and  the 
meter  operates  under  ideal  conditions,  the  rate  of  wear  is  very  small. 
After  the  contact  surfaces  have  been  worn  together,  a  condition  is 
reached  where,  if  the  commutator  and  brushes  are  undisturbed,  the 
amount  of  friction  is  constant.  The  commutator  bars  and  the  parts 
of  the  brushes  which   rest  on   them  are  ordinarily  made  of   silver. 


Pig.  250. — Metallic  Points  for  Testing  Commutator  with  Voltmeter. 


which  gradually  becomes  tarnished  with  a  coat  of  silver  sulphide, 
due  to  the  trace  of  sulphur  which  is  always  present  in  the  atmos- 
phere. The  sulphide  is  a  conductor,  but  causes  a  slight  increase  in 
friction,  making  the  meter  run  slower  on  light  load,  so  that  in  silver 
commutators  the  aging  is  dependent  on  the  tarnishing  as  well  as  on 
the  wear. 

The  aim  of  commutator  work  is  to  produce  and  maintain  this  per- 
manent tarnished  condition,  and  when  in  proper  condition  the  com- 
mutator and  brushes  should  be  disturbed  as  little  as  possible. 

The  time  required  for  complete  aging  depends  largely  upon  local 
conditions.  The  period  between  the  installation  and  the  first  test 
of  the  meter  is  probably  not  always  long  enough  for  complete  aging, 
but,  due  to  other  conditions,  it  is  not  advisable  to  increase  this  time. 

Wear. 

When  the  commutator  and  brushes  are  properly  aged,  what  wear 
does  occur  will  be  mainly  at  the  surface  of  the  brush,  which  may 
'eventually  become  hollowed  out  to  fit  the  cylindrical  surface  of  the 
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commutator.  If  the  surfaces  remain  smooth,  a  moderate  amount  of 
hollowing  will  do  no  harm;  but,  if  allowed  to  go  on  too  long,  it  may 
affect  the  accuracy,  short  circuiting  the  armature  coils. 

Sparking. 

The  chief  source  of  wear  is  sparking  at  the  brushes,  which  is 
caused  by  vibration,  insufficient  brush  tension,  dirt  or  dust,  or  rough- 
ness in  the  contact  surface. 

If  from  any  of  these  causes  the  brush  is  momentarily  raised  from 
the  commutator,  this  opens  the  potential  circuit  and  the  full  voltage 
of  the  line  becomes  active  at  the  point  of  separation,  establishing  a 
miniature  arc,  burning  a  pit  in  each  of  the  surfaces.  The  metal 
melted  out  runs  to  one  side  and  forms  a  lump  over  which  the  brush 
will  have  to  ride  at  every  revolution,  repeatedly  opening  the  circuit 
and  eventually  roughening  the  commutator  over  its  entire  surface. 

The  damaging  effect  of  sparking  is  reduced  by  some  of  the  rough- 
ness wearing  smooth  again,  but  a  condition  where  the  friction  is 
constant  is  never  reached.  Generally  the  commutator  gets  worse 
and  worse  the  longer  the  trouble  goes  without  remedy.  If  the  tester 
shifts  the  light  load  adjustment  to  overcome  the  excessive  friction, 
subsequent  wear  may  decrease  the  friction  and  cau6e  the  meter  to 
run  fast. 

When  a  commutator  shows  pitting  or  roughness  due  to  sparking, 
the  surface  should  be  cleaned  and  polished.  This  is  necessary,  since 
the  commutator  reaches  the  proper  condition  of  aging  only  when  it 
starts  from  a  smooth  surface. 

A  commutator  should  never  be  left  sparking.     Absence  of  spark- 
ing at  the  time  of  test  is  not  a  guarantee  that  it  will  not  set   in 
later,  unless  the  brushes  are  set  to  withstand  the  more  severe  condi- 
tions of  vibration,  dust,  etc.,  which  the  meter  may  later  undergo. 
Vibration. 

Where  a  meter  is  subject  to  vibration  the  brush  tension  should  be 
increased,  to  reduce  the  liability  of  sparking.  This  increases  the 
friction  and  requires  a  greater  light  load  compensation,  but  it  is 
better  to  have  a  large  amount  of  friction  which  is  constant  and  can 
be  compensated  for  than  to  allow  sparking,  which  results  in  a  vari- 
able friction. 

Cleaning  of  Commutator. 

The  commutator  should  be  cleaned  out  thoroughly  with  the  air 
syringe  or  with  a  camel's  hair  brush  to  remove  whatever  dust  or 
dirt  mav  have  collected  on  it.    The  breath  should  never  be  used  01 


384  ELECTRICAL  METERMAN'S   HANDBOOK 

any  part  of  the  meter.  Dirt  which  adheres  may  be  removed,  without 
entirely  destroying  the  tarnish,  by  means  of  a  narrow  strip  of  linen 
tape,  subsequently  brushing  or  blowing  out  the  loosened  particles. 

Where  a  commutator  is  roughened  by  sparking,  it  should  be  pol- 
ished by  means  of  a  narrow  strip  of  worn  crocus  cloth  about  one- 
fourth  of  an  inch  wide.  New  crocus  cloth  should  not  be  used  until 
it  is  worn  smooth  on  some  hard  metal  object,  to  remove  all  loose 
particles  of  grit  which  might  work  into  the  surface  of  the  commuta- 
tor, and  care  should  be  taken  not  to  lay  the  crocus  cloth  down  in 
locations  where  it  may  collect  dust.  The  worst  roughness  is  usu- 
ally found  at  the  edges  of  the  commutator  bars,  and  the  polishing 
should  go  on  until  the  entire  surface  is  smooth.  After  using  the 
crocus  cloth,  the  commutator  should  be  given  a  final  polish  with  the 
linen  tape.  In  using  the  crocus  cloth  and  tape,  the  tester  should  be 
careful  not  to  use  enough  force  to  bend  the  shaft.  A  light,  quick 
stroke,  crossing  the  tape  so  that  it  clings  to  the  commutator,  giving 
the  armature  a  spinning  motion,  gives  the  best  results. 
•  In  the  interests  of  safety,  the  voltage  circuit  should  be  discon- 
nected from  the  line  when  adjusting  and  cleaning  the  commutator 
and  brushes.  It  should  be  immediately  reconnected,  so  that  the 
meter  will  be  properly  warmed  up  during  the  final  readings. 

Dust  lodged  between  the  commutator  bars  sometimes  causes  short 
circuits  between  adjacent  bars,  or  from  one  bar  to  the  shaft.  These 
short  circuits  may  be  located  by  the  methods  given  under  "  Arma- 
ture "  and  "  Insulation."  Where  the  dust  is  caked  so  that  it  cannot 
be  blown  out  or  brushed  out,  it  may  be  dug  out  by  means  of  a  pointed 
tool  known  as  a  commutator  pick.  Several  forms  of  this  tool  are 
shown  in  Fig.  251.  Such  tools  must  be  used  with  very  great  care  to 
prevent  raising  a  burr  at  the  edge  of  the  commutator  bar. 

Short  circuits  may  sometimes  be  burned  out  by  connecting  the 
commutator  to  the  line  in  series  with  a  lamp. 

In  the  smaller  commutators  used  in  most  modern  meters  there  is 
less  friction,  and  therefore  the  effect  of  aging  and  of  a  given  amount 
of  roughness  is  smaller.  On  the  other  hand,  the  effect  of  a  short 
circuit  between  two  segments  is  the  same  when  the  same  number  of 
segments  is  employed.  On  account  of  the  small  size,  it  is  more  dif- 
ficult to  remove  short  circuits.  As  far  as  their  size  permits,  these 
commutators  are  treated  the  same  as  the  larger  commutators. 

Summary. 

The  above  may  be  compiled  as  a  summary. 

I.  If  a  commutator  is  smooth,  clean  out  dust  with  an  air  syringe 
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or  with   a  camel's  hair  brush,  using  the  !inen   tape  if  necessary,   but 
removing  as  littie  of  the  tarnish  as  possible. 

2.  If  pitted  and  roughened  by  sparking,  polish  to  a  true  surface 
with  worn  crocus  cloth,  finishing  with  linen  tape  and  blowing  out 
dust  with  the  air  syringe.  Dirt  caked  between  the  segments  should 
be  removed  before  polishing. 

3.  Adjust  brushes. 

4.  If,  after  these  adjustments,  the  commutator  still  sparks,  first 
use  the  brush  or  air  syringe  again  to  be  sure  that  all  dust  is  re- 


moved.   Examine  the  brush  tension.    If  the  sparking  is  due  to  vibra- 
tion, the  brush  tension  may  be  increased.     Never  leave  the  commuta- 
tor sparking. 
Plat  Spring  Brushes, 

Watt-hoar  meters  with  bniBfaes  having  a  flat-bearing  surface  are 
more  liable  to  commutator  troubles  and  more  difficult  to  maintain 
than  those  employing  round  brushes  and  all  of  the  above  directions 
must  be  carefully  followed. 

The  tension  of  both  brushes  should  be  the  same.  For  adjusting 
brnth  tendon  two  rules  are  in  common  use; 

(a)  The  brush  should  not  vibrate  or  "jingle"  when   sprung  about 
I    inch   from  the  commutator  and  allowed    to   fly   back  into   place.       1 
(b)  On  lifting  one  leaf  of  the  brush  from  the  commutator,  it  should        | 
move  i  inch  (or  twice  the  thickness  of  the  end  of  the  brush)  from  the        | 
commutator   before   the   other  leaf   leaves   the   commutator.  i 

The  tension  of  both  leaves  of  each  brush  should  be  the  same,  an<^^_ 
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each  should  bear  flat  on  the  commutator.  The  contact  surfaces 
should  be  parallel,  so  as  to  touch  the  commutator  at  diametrically  oppo- 
site points.  When  sprung  back  from  the  commutator  by  pressure  ap- 
plied to  the  brush  back  of  where  it  is  divided,  the  two  leaves  should  lie 
in  the  same  vertical  plane. 

Brushes  which  have  become  roughened  are  polished  with  smooth 
crocus  cloth  glued  to  a  flat  piece  of  hard  wood.  Where  the  brush 
has  a  groove  too  deep  to  remove  in  this  way,  a  fine  flat  file  (No.  4 
fineness,  4X  I/2  inches  with  blank  edges)  is  used  first  and  the  crocus 
cloth  afterwards.  If  any  difficulty  is  experienced  in  getting  a  true 
flat  surface  on  the  brushes,  they  should  be  removed  from  the  meter 
and  held  against  a  fixed  support  while  filing. 

The  brush  tension  may  be  adjusted  either  by  twisting  the  brush- 
stud  in  its  bearing  by  means  of  the  brush-stud  wrench,  or  by  chang- 
ing the  amount  of  the  permanent  set   in  the  spring  where   it  coils 


Pic.  252.— Brush  Tool. 

around  the  stud.  In  the  latter  method,  to  increase  the  tension  the 
brush  tool  (Fig.  252)  is  held  parallel  to  the  brush  and  its  end  pushed 
in  between  the  brush  and  the  stud.  To  decrease  the  tension,  the 
brush  is  sprung  back  from  the  commutator  by  holding  the  tool 
against  it  near  the  stud.  The  slotted  end  of  the  tool  is  used  to  twist 
the  ends,  when  necessary  to  iViake  them  lie  flat  on  the  commutator. 
After  these  adjustments  have  been  completed,  it  is  advisable  to 
press  the  brushes  against  the  commutator  and  rotate  the  moving  ele- 
ment a  dozen  or  so  times,  in  order  to  seat  the  surfaces  together  be- 
fore taking  the  final  readings. 

Gravity  Brushes. 

In  gravity  brushes  the  tension  is  obtained  by  means  of  a  weight 
and  is  therefore  very  uniform.  It  may  be  adjusted  by  moving  the 
weight  in  and  out  along  its  arm.  It  is  not  customary  to  file  the 
brushes,  which  are  allowed  to  run  until  worn  out,  when  they  arc 
replaced. 

Some  manufacturers  are  prepared  to  furnish  gravity  brushes  to 
replace  the  flat  spring  brushes  on  their  older  types  of  meters. 

As  the  armature  rotates,  the  current  in  each  coil  should  reverse 
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when  the  coil  is  parallel  to  the  current  coils.  Each  coil  is  conaected 
between  two  adjacent  commutator  bars,  and  the  reversal  takes  place 
at  the  instant  when  the  brush  passes  from  one  bar  to  the  next. 

P'S-  253  shows  the  correct  relation  of  brushes  and  commutator  for 
a  meter  whose  brushes  are  at  right  angles  to  the  plane  of  the  field 
coils.     In  a  meter  whose  brushes  are  parallel  to  the  field  coils,  as 


shown    in    Fig.    254,    the   coniniiilalor    when    correctly    placed    is    twisted 
go  degrees  from  the  position  it  has  in  the  other  meters. 

When  the  angle  is  not  correct,  each  coil  is  reversed  too  early  or 
too  late.     During  part  of  the  revolution,  it  furnishes  torque  which 
opposes -that  of  the  other  coils,  causing  the  meter  to  run  slow. 
Short  Circuit  in  Current  Coils. 

In  those  meters  having  two  current  coils  this  defect  can  be  de- 
tected by  testing  the  meter  on  each  coil  separately.  The  meter 
will  run  slower  with  same  load  on  the  short  circuited 
than  on  the  perfect  one. 
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Loose  Magnets. 

A  magnet  that  is  left  or  has  become  loose  is  liable  to  work  ( 
of  place,  thus  varying  ihe  "  drag"  on  the  disk  and  causing  the  me 
to  register  either  too  fast  or  loo  slow. 
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Top  Bearings. 

If  bearings  become  defective  they  generally  increase  the  friction 
and  consequently  cause  the  meter  to  run  slow.  The  effect  of  this 
would  be  about  ten  times  as  great  at  one-tenth  load  as  at  full  load. 

Following  will  be  given  a  description  of  most  of  the  more  com- 
mon bearings  and  how  to  treat  them. 

The  function  of  the  top  bearing  is  merely  to  hold  the  moving  ele- 
ment centered.  The  top  bearing  is  ordinarily  not  much  affected  by 
wear,  and  does  not  require  as  much  attention  as  some  parts  of  the 
meter,  but  the  following  practical  points  should  be  looked  after. 

The  top  bearing  employed  in  the  majority  of  meters  has  the  shaft 
turned  down  to  fit  loosely  into  a  small  hole  in  the  top  bearing  stud. 
This  hole  should,  when  necessary,  be  cleaned  out  by  means  of  a  small 
strip  of  wood.  The  splinters  or  orange  wood  used  by  jewelers  for 
similar  purposes  are  recommended.  If  the  upper  end  of  the  shaft  is 
dirty,  it  may  be  cleaned  by  means  of  a  linen  tape  or  a  split  piece 
of  soft  wood.  If  rusted,  it  may  be  polished;  but,  ordinarily,  if  rusted 
too  badly,  the  meter  should  be  replaced.  Oil  should  never  be  used 
in  top  bearings  of  this  type,  as  it  is  apt  to  run  down  on  the  worm 
and  form  a  gum,  increasing  the  friction. 

The  top  bearing  used  in  some  of  the  recent  meters  differs  from  the 
type  described  above  in  that  a  stationary  pivot  is  used  which  projects 
into  a  hole  in  the  shaft.  The  bearing  is  self-oiling,  an  oil-saturated 
disk  being  placed  at  the  bottom  of  hole. 

The  top  bearing  should  be  set  high  enough  to  prevent  excessive 
friction,  but  not  so  high  that  the  shaft  will  slip  out  of  the  bearing 
when  the  moving  element  is  pushed  down  as  far  as  it  will  go.  After 
adjusting  the  top  bearing,  examine  the  worm  or  pinion  to  make  sure 
that  it  meshes  properly. 

Step  Bearings. 

The  step  bearing  ordinarily  consists  of  a  stationary  sapphire  or 
diamond  jewel  with  a  steel  pivot  on  the  moving  element,  or  of  two 
jewels  with  a  steel  ball  rolling  between  them. 

The  sapphire  jewel  should  be  removed  from  the  meter,  cleaned 
and  examined  at  every  test,  and,  if  found  defective,  should  be  re- 
placed. The  common  method  for  testing  a  jewel  in  service  is  to 
employ  a  fine,  sharp  needle  which  is  held  loosely  between  the  fingers 
and  its  point  moved  back  and  forth  over  the  surface  of  the  jewel. 
By  this  method,  a  very  slight  roughness  may  be  felt,  but,  if  there 
are  only  a  few  rough  spots  on  the  jewel,  the  needle  may.  miss  them. 

In   periodic  tests  on   commutator  meters   it  is  better  practice   to 
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replace  all  jewels  and  return  them  to  the  laboratory,  where  they  are 
assorted  by  microscopic  examination,  those  still  smooth  being  again 
used,  and  those  rough,  repolished  or  discarded. 

Diamond  jewels  are  more  expensive  than  sapphires,  but  are  much 
more  durable,  so  that  in  cases  where  sapphire  jewels  would  have  to 
be  replaced  frequently  it  not  only  gives  better  accuracy,  but  is  more 
economical  to  use  diamond  jewels. 

Diamond  jewels  should  be  examined  at  every  test,  but  the  needle 
examination  is  not  so  reliable  as  for  sapphires,  since  the  depressions 
worn  in  the  surface  of  the  diamond  are  frequently  smooth  and  do 
no  harm.  Diamond  jewels  need  not  be  replaced  unless  the  accuracy 
of  the  meter  is  such  as  to  show  excessive  friction.  Unless  cracked 
by  a  severe  blow,  they  will  generally  survive  a  number  of  testing 
periods  before  replacement. 

Microscopic  Examination. 

The  best  method  of  distinguishing  perfect  from  imperfect  jewels  in 
the  meter  shop,  or  laboratory,  is  by  examination  with  a  binocular 
microscope  of  moderate  power  (about  50  diameters  magnification). 
All  apparent  roughness  should  be  gone  over  with  a  needle  while  the 
jewel  is  held  under  the  microscope,  as  they  often  prove  to  be  only 
particles  of  dirt  on  the  surface.  The  examination  should  be  made  by 
an  expert;  a  novice  is  likely  to  be  deceived  by  reflections  from  the 
surface  and  by  the  transparency  of  the  jewel,  which  allows  its  rough 
bottom  to  show  through. 

Pivots  and  Balls. 

Pivots  and  balls  used  with  sapphire  jewels  should  be  replaced 
when  replacing  the  jewels,  since,  if  the  latter  are  rough,  the  former 
are  sure  to  have  been  damaged.  Where  the  jewel  is  still  perfect,  the 
pivot  or  ball  is  often  worn,  and  it  should,  therefore,  always  be  exam- 
ined. Wear  on  pivots  or  balls  can  be  detected  by  examining  with 
a  magnifying  glass  or  microscope,  by  observing  the  reflection  on  the 
surface  from  a  lamp  or  other  sources  of  light,  or  by  rubbing  on 
the  thumb  nail. 

Pivots  running  on  diamond  jewels  should  be  replaced  at  every 
periodic  test.  The  cost  of  repolishing  pivots  is  so  low  that  it  does 
not  pay  to  sort  them,  and  they  are  generally  all  repolished  without 
regard  to  appearance. 

Steel  balls  and  pivots  should  be  protected  from  rusting  and  should 
not  be  touched  with  the  fingers.  Keeping  them  under  oil  is  usually 
unsatisfactory,  on  account  of  the  difficulty  of  obtaining  oil  which  is 
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absolutely   acid    free.     They    should    preferably    be    kept    in   talcum 
powder. 

The  Use  of  OiL 

The  step  bearing  should  be  oiled  with  a  small  drop  of  the  highest 
grade  jeweler's  watch  oil. 

Registers. 

The  tester  should  inspect  the  register  very  carefully,  as  there  is 
always  a  liability  of  defects  which  may  prevent  its  recording  all  of 
the  revolutions  of  the  moving  element. 

Worm  or  Pinion. 

The  worm  or  pinion  on  the  shaft  should  be  carefully  examined  to 
see  that  it  meshes  properly  with  the  register  wheel  which  it  drives. 
A  slight  amount  of  play  is  necessary  to  prevent  too  much  friction. 


Fig.  2SS  — Dial  Hand  Tool. 

Where  the  pinion  or  worm  is  short,  or  where  the  worm  is  cut 
concave  to  match  the  curvature  of  the  worm  wheel,  the  height  of 
the  moving  element  should  be  set  so  that  the  center  of  the  pinion 
or  worm  is  on  a  level  with  that  of  the  register  wheel  which  it 
engages. 

For  cleaning  the  pinion  or  worm,  a  small  stiff  brush  or  a  sharp- 
ened piece  of  soft  wood  may  be  used. 

Gears  and  Dial  Hands. 

All  the  gears  and  dial  hands  on  the  register  should  be  gone  over, 
pressing  each  back  and  forth  with  the  fingers  to  insure  that  each 
wheel  meshes  with  its  neighbor  and  that  the  hands,  pinions  and 
wheels  are  tight  on  their  shafts.  Misplaced  hands  should  be  cor- 
rected, not  by  twisting  them  to  place,  but  by  pulling  them  off  with 
a    suitable   tool,   Fig.   255,    and    resetting   firmly   to  the   proper   position. 

The  register  should  be  removed  from  the  meter  and  spun  around 
to  make  sure  that  it  runs  freely.  When  replaced  it  should  be  care- 
fully reset  to  the  original  reading. 
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It  is  the  usual  practice  to  reset  the  register  to  zero  in  the  labora- 
tory, and  where  this  is  the  practice  it  should  be  done  by  spinning  the 
gear  train  instead  of  by  resetting  the  hands,  unless  the  reading  is 
so  large  that  this  would  take  too  much  time,  in  which  case  the  hand 
of  the  last  dial  only  may  be  reset. 

Cyclometer  Registers. 

In  some  cyclometer  registers  the  amount  of  friction  is  variable, 
being  greatest  when  several  of  the  numbers  on  the  dial  are  being 
shifted  at  the  same  time.  Meters  having  such  registers  should  be 
adjusted  to  be  correct  when  the  friction  is  least. 

Other  Causes  of  Friction. 

Other  causes  of  friction  might  be  dirt  between  the  magnets  or 
anything  coming  in  contact  with  any  portion  of  the  moving  element, 
bent  shaft,  broken  pivot  points,  top  bearing  stud  too  low,  bent 
frames,  etc.  Too  loose  light  load  adjustment  might  cause  meter  to 
run  too  fast  or  too  slow,  principally  at  light  load,  by  increasing  or 
decreasing  the  friction  compensating  torque. 

Stray  Fields. 

Stray  fields  may  make  a  meter  register  either  too  fast  or  too  slow, 
depending  upon  their  polarity.  A  test  for  stray  field  in  magnitude 
and  direction  may  be  made  as  follows. 

Remove  all  the  connecting  wires  from  the  meter  and  attach  a 
galvanometer  to  the  brush  terminals.  Then  rapidly  twirl  the  arma- 
ture, which  will  cause  a  deflection  of  the  galvanometer,  if  the  stray 
field  is  present.  To  measure  the  stray  field  pass  enough  current 
through  the  current  coils  in  the  proper  direction  to  cause  the  gal- 
vanometer to  remain  at  zero  when  the  armature  is  twirled.  By 
measuring  this  current  with  an  ammeter  it  gives  the  effect  produced 
by  the  stray  field. 

Creeping. 

Creeping  is  a  slow  rotation  of  the  moving  element  when  there  is 
no  load  whatever  in  the  consumer's  circuit.  It  may  occur  either 
backward  or  forward,  but  usually  in  the  latter  direction.  When  the 
load  is  removed,  a  meter  will  sometimes  rotate  for  a  part  of  a  revo- 
lution before  coming  to  rest.  All  observations  of  creeping  should 
therefore  be  based  upon  at  least  one  complete  revolution. 

Although  only  an  unusually  rapid  rate  of  creeping  will  result  in 
an  appreciable  registration,  yet  as  a  matter  of  principle  no  meter  in 
service  should  be  allowed  to  remain  creeping. 
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Causes  of  Creeping. 

The  causes  of  creeping  are  as  follows: 

(a)  Incorrect  compensation  for  friction. 

(b)  Vibration  which  reduces  the  friction  and  allows  the  compen- 
sating torque  to  rotate  the  moving  element. 

(c)  Stray  fields. 

(d)  Too  high  voltage. 

(c)  The  potential  circuit  being  connected  on  the  load  side  of  the 
meter  when  the  friction  compensation  has  been  adjusted  with  the 
potential  circuit  connected  on  the  service  side. 

(f)  Short  circuits  in  current  coils  of  induction  meters. 

Leakage  or  grounding  in  the  consumer's  circuit  may  cause  a  rota- 
tion of  the  moving  element  which  may  be  mistaken  for  creeping. 
The  observations  of  creeping  should  therefore  be  made  with  the 
load  wires  removed  from  the  meter.  To  detect  leakage  in  the  con- 
sumer's lines,  note  may  also  be  made  whether  the  meter  runs  with 
this  wire  connected. 

Prevention  of  Creeping. 

If  the  meter  still  creeps  after  it  has  been  properly  adjusted,  it  is 
necessary  to  make  use  of  some  special  anti-creep  device. 

The  most  common  method  of  preventing  creep  is  to  force  over  the 
edge  of  the  disk  a  small  U-shaped  piece  of  iron  wire  or  "  clip " 
which  is  attracted  by  the  drag  magnets  and  tends  to  remain  sta- 
tionary in  the  position  where  it  is  closest  to  one  of  the  poles.  When 
the  meter  is  rotating  under  load,  the  accelerating  force  as  the  wire 
approaches  the  magnet  is  equal  to  the  retarding  force  as  it  leaves 
the  magnet,  so  that  the  effect  on  the  accuracy  of  the  meter  is  small. 
In  placing  the  clip,  care  should  be  taken  not  to  injure  the  disk  and 
to  locate  it  so  that  it  is  not  likely  to  hit  the  magnets. 

In  some  meters  a  piece  of  iron  wire  is  attached  to  the  disk  near 
the  shaft,  giving  the  same  effect. 

The  effect  of  the  clip  is  varied  by  changing  its  length  and  position. 
To  make  this  adjustment  properly  requires  good  judgment.  The 
tester  must  take  account  of  the  character  of  the  installation  and  of 
the  location,  and  set  the  clip  so  that  it  will  not  prevent  the  meter 
starting  on  a  light  load,  and  yet  so  that  the  meter  is  not  likely  to 
creep  under,  conditions  which  may  exist  at  some  time  later.  The 
starting  current  should  be  determined  after  adjusting  the  clip. 

In  some  induction  meters,  creeping  is  prevented  by  two  holes  cut 
in  the  disk  on  oDDOsite  sides  of  the  shaft.     When  either  hole  is  near 
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the  pole  of  the  potential  coil,  forces  set  up  by  the  alternating  field 
tend  to  hold  the  disk  in  this  position. 

If  a  short  circuit  is  present  in  the  current  coils  it  will  probably 
be  found  impossible  to  stop  creeping.  The  creeping  is  caused  by  cur- 
rents being  induced  in  the  current  coils  by  the  potential  magnetic 
flux.  The  coils  should  either  be  removed  and  the  convolutions  prop- 
erly insulated,  or  replaced  by  new  ones. 

Starting  Current. 

The  starting  current  is  the  current  required  at  normal  voltage  to 
start  the  moving  element  from  rest  and  rotate  it  through  one  or 
more  revolutions.  In  practice,  the  starting  current  is  ordinarily 
determined,  roughly,  in  terms  of  the  watt  rating  of  the  test  lamps. 

Where  the  meter  has  an  anti-creeping  clip,  the  starting  current 
should  be  taken  when  the»clip  is  nearest  the  magnet  pole. 

Three-wire  Watt-hour  Meters. 

The  following  methods  of  connection  may  be  used  in  testing  three- 
wire  watt-hour  meters: 

I.  The  normal  service  connections  may  be  used,  the  load  being 
connected  between  the  outer  wires  on  the  house  side  of  the  meter 
(Figs.  277,  278,  279,  282  and  283). 

II.  The  current  coils  may  be  connected  in  series  and  the  meter 
tested  as  a  two-wire  meter,  connecting  the  load  on  one  side  of  the 
three-wire  circuit   (Figs.  280,  281,  284,  285  and  286). 

III.  The  current  coils  may  be  connected  in  series  to  an  indepen- 
dent testing  circuit,  such  as  a  storage  battery  or  a  step-down  trans- 
former (Fig.  287).  , 

Testing  with  the  normal  connection  of  the  current  coils  requires 
a  load  box  adapted  to  the  full  voltage  between  the  outer  wires. 
Tests  are  usually  made  by  connecting  the  current  coils  in  series. 

The  connection  of  the  current  coils  in  series  is  made  by  removing 
one  service  connection  and  both  house  connections  from  the  meter 
(Figs.  280  and  284),  connecting  the  two  house  terminals  of  the  meter  to- 
gether. The  load  box  is  then  connected  from  the  disconnected 
service  terminal  of  the  meter  to  the  neutral  (Figs.  281,  285  and  286).  In 
the  case  of  loading  by  means  of  a  transformer  or  storage  battery,  the 
load  circuit  is  connected  to  the  two  service  tenninals  of  the  meter 
(Fig.  287). 

A  three-wire  meter  whose  voltage  circuit  is  connected  between  the 
neutral  and  one  outer  wires  measures  the  energy,  based  on  an 
assumption  of  balanced  voltages. 
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In    testing   a   meter   of   the   above   type   with    the   normal   service 
connections,    the    voltmeter    or    voltage    circuit    of    the    standard    is 
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connected  in  parallel  with  the  voltage  circuit  of  the  meter,  so  that 
the  standard  indicates  the  true  amount  of  energy  affecting  the  meter, 
instead  of  the  total  energy  in  the  three-wire  circuit.    Therefore,  the 
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watt-second  constant  as  a  three-wire  meter  is  halved  to  obtain  the 
test  constant. 

In  testing  a  meter  of  the  above  type  on  a  two-wire  circuit,  with 
the  current  coils  in  series,  the  true  amount  of  energy  affecting  the 
meter  will,  as  in  the  above  case,  be  the  same  as  that  indicated  by 
the  standards,  and  the  assigned  watt-second  constant  should  there- 
fore also  be  halved  in  this  case. 

A  three-wire  meter  whose  voltage  circuit  is  connected  between  the 
outer  wires  measures  the  total  energy  directly  (assuming  the  voltages 
to  be  balanced),  and  hence  the  testing  constant  and  watt-second  con- 
stant are  equal. 

Alternating  Current  Watt-hour  Meters. 

Alternating  current  watt-hour  meters  may  be  tested  on  the  con- 
sumer's premises  with  an  indicating  wattmeter  and  stop  watch;  with 
rotating  standards,  or  with  calibrated  resistance,  voltmeter  and  stop 
watch. 

Ammeters  and  voltmeters  should  not  be  used  because  of  the  liabil- 
ity of  error  due  to  power-factors  below  unity. 

The  order  of  procedure  for  induction  meters  is  the  same  as  for 
commutator  types  of  meters,  omiting  items  4  and  8. 

The  adjustments  are  to  be  made  for  full  load,  and  light  load  and 
also  the  lag  adjustment.  The  latter  is  ordinarily  used  only  in  the 
laboratory  tests,  and  it  is  not  the  general  practice  to  make  this 
adjustment  in  service.  The  explanation  of  full  and  light  load  adjust- 
ments given  under  the  test  of  continuous  current  watt-hour  meters 
applies  to  induction  meters. 

The  lag  adjustment  alters  the  speed  on  the  low  power-factors. 
Fig.  256  gives  theoretical  curves  showing  how  changing  the  accuracy 
I  per  cent,  2  per  cent,  3  per  cent,  etc.,  at  a  power-factor  of  .50  will 
affect  the  accuracy  at  the  other  power-factors.  Due  to  the  charac- 
teristics of  particular  types,  some  watt-hour  meters  may  deviate  from 
these  curves.  In  some  meters,  changing  the  lag  adjustment  affects 
the  accuracy  at  unity  power-factor,  and  the  curves  are  based  upon 
the  assumption  that  when  the  lag  adjustment  is  shifted  the  full  load 
adjustment  is  also  shifted  to  compensate  for  this  effect. 

Service  watt-hour  meters  may  be  loaded  for  test  by  using  special 
rheostats,  transformers,  or  water  rheostats.  (See  Chapter  IX.) 
The  consumer's  load  may  also  be  used,  or  used  in  connection  with 
some  of  the  above  methods. 

If  a  meter  is  found  inaccurate,  look  for  and  correct  the  following 
troubles  before  making  any  adjustments: 
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Induction  Tsrpe  Meters 

Meters  rovHD  Look  for 

Slow.    Full  load  and 

light  load   Short   circuit    in    current,   or   potential    coils; 

loose  magnets. 
Slow.     Principally  at 

light  load   Defective   bearing;    other   excessive    friction; 

loose  light  load  adjustment. 
Fast.     Full  load  and 

light  load  Weakened  or  loose  magnets;  short  circuit  in 

series  reactance  of  potential  coil. 
Fast.     Principally    at 

light  load   Loose,   or   defective,    light   load   adjustment; 

vibration;  short  circuit  in  current  coils. 

Causes  of  Inaccuracy. 

A  short  circuit  in  the  current  coils  will  cut  out  some  of  the  effective 
turns,  and  consequently  will  lower  the  torque  of  the  watt-hour  meter 
and  hence  its  speed  at  or  near  full  load.  Induction  meters  will,  how- 
ever, generally  creep  when  some  of  the  turns  of  the  current  coils  are 
short  circuited  and  often  will  be  fast  on  light  load  and  slow  on  full 
load.  Generally  the  meters  with  this  defect  should  be  returned  to  the 
meter  shop  for  new  current  coil. 

A  short  circuit  in  the  potential  coils  will  change  the  torque  of  the 
watt-hour  meter;  hence  its  speed.  A  meter  with  this  condition  ex- 
isting, will  be  found  out  of  l^g  and  should  be  sent  to  the  meter  shop 
for  repairs. 

The  same  remarks  regarding  loose  magnets  as  were  made  for  con- 
tinuous current  watt-hour  meters  apply  here. 

A  defective  bearing  will  have  the  same  effect  as  on  continuous 
current  watt-hour  meters,  with   the   following  addition: 

Occasionally  an  induction  watt-hour  meter  is  found  in  which  the 
shaft  rattles  in  the  top  bearing,  due  to  vibration  set  up  by  the  alter- 
nating fields.  This  causes  a  certain  amount  of  wear,  but  the  chief 
reason  for  its  elimination  is  that  in  some  locations  the  hum  may  be 
annoying.  Various  styles  of  top  bearings  have  been  devised  to  elimi- 
nate the  difficulty,  and  it  may  be  gotten  rid  of  by  changing  the  bear- 
ing or  replacing  the  meter.  Sometimes  a  change  in  the  adjustment 
of  the  bearings  so  as  to  alter  slightly  the  vibrating  length  of  the 
shaft  will  start  the  humming. 

A  loose  light  load  adjustment  should  be  treated  the  same  as  for 
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Weakened  magnets  should  also  receive  the  same  treatment,  as  for 
continuous  current  watt-hour  meters.  However,  with  exception  of 
some  polyphase  watt-hour  meters,  comparatively  few  magnets  are 
found  in  alternating  current  meters  that  have  been  weakened  to  such 
an  extent  that  they  should  be  changed. 

Vibration,  while  not  so  damaging  to  alternating  current  watt-hour 
meters  as  to  continuous  current  meters,  still  is  to  be  avoided.  It 
causes  unnecessary  wear  on  bearings,  especially  the  step  bearing, 
and  also  may  cause  the  meter  to  creep  or  be  fast  on  light  load. 

A  short  circuit  in  the  series  reactance  of  the  potential  circuit  will 
allow  a  larger  current  to  pass  through  this  circuit  than  is  normal, 
causing  too  high  torque  and  consequently  too  high  speed.  The 
meter  will  be  out  of  lag  and  is  quite  liable  to  be  noisy.  The  remedy 
is  to  send  it  to  the  meter  shop  for  repairs  and  recalibration. 

If  a  watt-hour  meter  operates  exclusively  on  an  inductive  load,  it 
may  be  found  convenient,  and  advisable,  to  make  a  test  using  con- 
sumer's load.  This  test  is  not  difficult  to  make  where  a  rotating 
standard  is  used. 

Polyphase  Watt-hour  Meters. 

Polyphase  watt-hoiir  meters  which  are  acceptable  under  the  single- 
phase  specifications  given  in  Section  IV-D,  Clause  2,  and  Section 
IV-C,  Clauses  i  to  14,  inclusive,  of  the  Code  for  Electricity  Meters, 
may  in  service  be  tested  on  a  polyphase  load,  or  by  either  of  the 
following  methods: 

I.  Connecting  the  voltage  coils  in  parallel  and  the  current  coils  in 
scries  and  testing  as  a  single-phase  meter. 

II.  Connecting  the  voltage  coils  in  parallel  and  loading  each  cur- 
rent coil  separately,  the  percentage  of  load  then  referring  to  the  per- 
centage of  the  total  watt  capacity  of  the  meter,  provided  that  no 
test  shall  be  made  at  a  load  exceeding  100  per  cent  of  the  current 
capacity  of  one  element. 

Meters  which  do  not  conform  to  the  requirements  of  the  above 
Clause  2,  Section  IV'-D,  but  which  are  acceptable  as  having  passed 
the  requirements  of  Clauses  i  to  14,  inclusive.  Section  IV-C,  of  the 
Code  for  Electricity  Meters,  must  be  tested  upon  a  polyphase  circuit. 
Either  of  the  methods  given  below  may  be  used.  The  connections 
should  be  the  same  as  to  relative  polarity  of  the  elements  and  rela- 
tive phase  relations,  as  in  service. 

I.  The  watt-hour  meters  may  be  tested  on  an  approximately  bal- 

^•nrpt\     nnlvnhacp    InnH    with    stanHarriQ   in    parh    nhase.    or.    in    the   case 
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of  a  three-phase  circuit  on  a  balanced  "V"  connected  load.  (See 
Fig.  289.) 

II.  The  tests  may  be  made  on  each  element  separately,  the  poten- 
tial circuits  of  the  meter  being  connected  to  a  polyphase  circuit  in 
the  same  manner  as  in  service,  the  various  percentages  of  load  then 
referring  to  the  percentage  of  the  total  watt  capacity  of  the  meter, 
provided  that  no  test  shall  be  made  at  a  load  exceeding  100  per  cent 
of  the  current  capacity  of  one  element. 

In  testing  polyphase  watt-hour  meters,  with  current  in  only  one 
phase,  the  rotating  standards  are  used  in  the  same  manner  as  in 
single-phase  tests. 

The  working  standards  used  in  polyphase  tests  may  be:  (a)  sin- 
gle-phase indicating  wattni^ers,  or  rotating  standards  (Fig.  289)  ;  (b) 
a  polyphase  indicating  wattmeter,  or  rotating  standard. 

Where  two  single-phase  rotating  standards  are  employed,  they 
may  be  started  by  operating  the  two  controlling  switches  together, 
or  by  using  a  double  controlling  switch. 

When  polyphase  indicating  wattmeters,  or  rotating  standards,  are 
used,  they  must  be  properly  calibrated  for  polyphase  interference 
conditions  in  the  various  coils  and  circuits,  in  the  manner  set  forth 
elsewhere. 

Alternating  current  induction  watt-hour  meters  are  accurate  only  at 
the  frequency  for  which  they  are  built,  therefore,  if  any  material 
change  in  the  frequency  is  made  on  a  system,  say  from  133  to  60 
cycles,  it  will  be  necessary  to  give  consideration  to  all  the  induction 
watt-hour  meters  and  make  certain  changes  in  them,  if  accurate  registra- 
tion is  desired.  Practically,  the  error  is  negligible  for  small  variations 
in  frequency,  but  a  large  change  will  make  large  errors,  which  will  be 
greater  on  inductive  than  on  non-inductive  loads.  Commutator  watt-hour 
meters  will  be  affected  very  slightly  by  the  change.  There  are  some 
types  of  induction  watt-hour  meters  which  are  double  lagged,  or  other- 
wise adaptable  to  two  frequencies,  such  as  133  and  60  cycles.  In  these 
meters  it  is  necessary  to  make  certain  small  changes  such  as  soldering, 
or  changing  a  small  connection  and  then  recalibrating  the  watt-hour 
meter  at  unity  power-factor.  As  the  above  mentioned  meters  have 
been  lagged  at  two  frequencies  at  the  factory,  it  is  quite  probable 
that,  after  making  the  required  changes,  the  meter  will  be  accurate  on 
inductive  loads.  However,  it  is  recommended  when  a  material  change 
in  frequency  is  made  that  the  watt-hour  meters  always  be  brought  to 
the  meter  shop,  tested  on  low  power-factor  and  relagged  if  found  neces- 
sary. Watt-hour  meters  that  are  not  double  lagged  will  probably  re- 
Quire  new  potential  circuits  or  parts  pertaining  thereto,  as  well  as 
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recalibration.  It  is  better  that  this  work  be  done  in  the  meter  shop. 
Where  such  a  change  in  frequency  is  made,  it  would,  in  all  cases,  be 
advisable  to  consult  the  respective  manufacturers  about  all  the  watt- 
hour  meters  which  a  company  may  have  on  its  system. 

Methods  of  Determining  Correct  Connections  of  Polyphase  Watt- 
hour  Meters. 

Because  of  the  fact  that  quite  often  the  low-tension  leads  from  the 
instrument  transformers  of  a  polyphase  watt-hour  meter  are  so  run 
that  difficulty  is  experienced  in  tracing  them,  and  because  the  cor- 
rectness of  the  connections  cannot  be  directly  checked  by  observing 
the  direction  of  rotation  of  the  disk,  a  demand  has  been  felt  for  a 
simple,  practical  check,  to  satisfy  which  the  following  is  suggested. 

In  checking  connections  on  three-phase  watt-hour  meters,  the  fol- 
lowing points  should  be  clearly  fixed  in  mind: 

(i)  Either  element,  or  both  elements,  of  a  three-phase  watt-hour 
meter  should  cause  rotation  in  a  positive  direction  (the  normal  direc- 
tion indicated  on  the  meter)  when  the  power-factor  of  the  load,  to 
measure  which  the  watt-hour  meter  is  connected,  is  above  50  per 
cent. 

(2)  One  of  the  two  elements  of  a  three-phase  watt-hour  meter 
will  cause  negative  direction  of  rotation  (although  both  elements 
acting  simultaneously  will  still  cause  positive  rotation,  when  the 
power-factor  of  the  load  to  measure  which  the  watt-hour  meter  is 
connected  is  below  50  per  cent.  At  exactly  50  per  cent  power-factor 
one  element  will  cease  to  cause  rotation  of  the  disk.  In  practice, 
with  the  power-factor  hovering  about  50  per  cent,  the  disk  will  be 
caused,  by  one  element  acting  alone,  viz.:  the  low  reading  element, 
to  creep  in  one  direction,  next  to  stop,  then  to  creep  in  the  opposite 
direction,  and  so  on,  as  the  power-factor  passes  from  a  value  less 
than  50  per  cent,  through  and  to  a  value  of  greater  than  50  per  cent 
and  vice  versa. 

(3)  With  a  reversal  of  potential  leads  will  occur  a  reversal  of  the 
direction  of  rotation  of  the  disk,  when  acted  upon  alone  by  the  ele- 
ment of  the  meter  to  which  the  potential  lead  was  reversed. 

From  the  above,  it  will  be  noticed  that  a  wrong  connection  of  the 
potential  leads,  which  is  in  the  nature  of  a  reversal,  can  be  detected 
by  noting  the  direction  of  rotation  of  the  disk  when  acted  upon  by 
each  element  separately.  Also,  in  order  to  know  what  the  directioTj 
of  rotation  of  the  disk  should  be,  the  power-factor  must  be  knowjn 
In  other  words,  in  order  to  prove  that  a  condition  of  "  reversed  p(i- 
tential  lead  "  does  not  exist,  it  is  necessary  to  have  within  our  gra4p 
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means  of  intentionally  varying  the  power-factor  from  a  value  greater 
than,  to  a  value  less  than,  50  per  cent. 

Since  every  consumer  requiring  a  three-phase  meter  has  at  least 
one  three-phase  motor,  the  following  steps  may  be  taken  to  prove 
that  a  condition  of  reversed  potential  lead  does  not  exist: 

(a)  With  but  one  induction  motor  running,  remove  its  load,  by 
throwing  belt  or  otherwise,  as  the  case  may  require.  The  motor  is 
then  running  idle,  and,  being  of  an  induction  type,  the  power-factor 
of  the  load  will  be  below  50  per  cent,  and,  if  properly  connected,  the 
direction  of  rotation  of  the  disk  of  the  meter,  due  to  the  action  of 
one  of  the  elements  alone,  should  be  negative.  Disconnect  one  of 
the  potential  leads  leading  to  one  of  the  elements  of  the  meter.  The 
direction  of  rotation  of  the  disk  having  been  noted,  replace  the 
potential  lead  and  disconnect  lead  from  other  element,  again  noting 
direction  of  rotation  of  disk. 

As  stated  in  .(2),  above,  the  direction  of  rotation  of  the  disk  with 
power-factor  below  50  per  cent  should,  with  one  of  the  elements 
acting  alone,  be  negative;  with  the  other  acting  alone,  positive,  and 
with  both  acting  together,  positive.  We  have,  however,  assumed 
that  the  power-factor  resulting  from  the  use  of  an  induction  motor 
alone,  and  without  load,  is  below  50  per  cent.  While  this  is  a  fair 
assumption,  the  action  of  the  meter  will  prove  that  the  power-factor 
has  passed  through  50  per  cent,  by  the  fact  that  the  disk  when  acted 
upon  by  one  of  the  elements  alone,  viz.:  the  low-reading  side, 
will  change  the  direction  of  rotation  at  the  time  of  again  loading  the 
motor. 

(b)  Load  the  motor  either  by  again  placing  belt  or  otherwise. 
Disconnect  first  one  potential  lead  and  then  the  other,  as  before, 
and  note  direction  of  rotation  of  disk.  The  power-factor  now  being 
brought  to  a  higher  value,  and  above  50  per  cent,  rotation  of  disk 
due  to  each  element  of  meter,  and  to  both  elements,  should  be  posi- 
tive. 

Since  by  loading  the  induction  motor  we  positively  know  that  we 
have  bettered  the  power-factor,  and  since  the  direction  of  rotation 
of  the  disk  due  to  the  action  of  one  of  the  elements  alone  has  been 
reversed,  thereby  proving  that  the  power-factor  has  been  passed 
through  so  per  cent,  we  must  have  raised  the  power-factor  from  a 
value  less  than,  to  a  value  greater  than,  50  per  cent,  and,  therefore, 
the  actions  of  the  meter  in  case  (a)  should  satisfy  the  conditions  of 
power-factor  below  50  per  cent,  and  in  case  (b)  should  satisfy  conditions 
of  power-factor  above  50  per  cent. 

It  may  accidentally   happen   that   the  voltage   transformer,  which 
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should  have  been  connected  to  the  same  element  of  the  meter  as 
one  of  the  current  transformers,  is,  incorrectly,  connected  to  that 
element  of  the  meter  to  which  the  other  current  transformer  is 
connected,  or  vice  versa. 

This  condition  is,  in  the  case  of  exposed  wiring,  easily  detected, 
but  in  case  the  secondary  wires  from  the  potential  and  current  trans- 
formers are  run  in  conduit,  the  following  simple  method  of  check 
may  be  used: 

First  select  either  current  transformer,  and  then  the  voltage 
transformer,  the  primary  leads  of  which  are  connected  to  the  same 
phase  as  the  selected  current  transformer.  This  is  readily  done,  as 
the  primary  wiring  on  the  current  and  potential  transformers  is 
almost  invariably  exposed.  Disconnect  one  of  the  secondary  leads 
of  the  voltage  transformer.  Short  circuit  the  current  transformer 
and  open  the  lead,  beyond  the  short  circuit,  going  to  the  meter.  If 
the  meter  has  been  incorrectly  connected,  as  described  above,  it 
will  stop  at  once. 

Because,  by  the  above  change,  instead  of  disconnecting  the  voltage 
and  current  transformers  supplying  the  same  element  of  the  meter, 
in  which  case  the  meter  disk  would  have  continued  to  rotate,  and 
which  would  have  been  the  case  were  the  meter  properly  connected, 
one  current  transformer  has  been  disconnected  from  one  element  of 
the  meter,  and  the  voltage  transformer  disconnected  from  the  other 
element,  thereby  stopping  both  elements  and  consequently  the  meter. 

In  checking  switchboard  instruments  in  a  central  station,  use  is 
generally  made  of  the  fact  that  during  the  evening,  at  least,  the 
power-factor  on  the  plant  is  invariably  above  50  per  cent.  Use  may 
also  be  made  of  the  characteristics  of  the  over-excited  synchronous 
motor;  also  of  -  the  fact  that  constant  current  transformers,  such  as 
are  used  in  connection  with  the  series  alternating,  or  magnetite,  sys- 
tem of  street  lighting,  have  a  power-factor  below  50  per  cent  when 
operating  on  short  circuits.  For  instance,  in  a  plant  with  auxiliary 
bus-bars,  a  generator  whose  watt-hour  meter  is  to  be  checked  may 
be  connected  to  these  buses,  to  which  also  the  lighting  constant  cur- 
rent transformers  may  be  connected.  The  direction  of  rotation  of 
the  meter  disk  being  noted  with  and  without  load  on  the  constant 
current  transformers,  will,  if  meter  is  properly  connected,  indicate 
conditions  of  power-factor  above,  and  below,  50  per  cent. 

Mr.  B.  Frankenfield's  demonstration  of  the  two  watt-hour  meter 
method  of  measuring  power  in  a  three-phase  circuit  already  cited  in 
Chapter    IV,    may    be    helpfully    applied    in    connection    with    these 

oblems. 
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The  following  method  has  also  been  suggested  and  found  useful 
for  determining  the  correct  connections  of  a  polyphase  watt-hour 
meter  in  a  three-phase  circuit. 

The  watt-hour  meter  should  be  so  connected  that  when  the  power- 
factor  is  less  than  100  per  cent,  and  over  50  per  cent,  it  will  rotate 
forward  with  either  element  cut  out,  but  the  speed  will  be  less  with 
one  element  than  with  the  other.  When  the  power-factor  is  less  than 
50  per  cent  and  more  than  zero,  rotation  will  be  forward,  with  one 
element  cut  out,  and  backward,  at  a  lower  speed,  with  the  other  ele- 
ment cut  out.    The  resultant  rotation  will,  however,  be  forward. 

/7  Curren  f  Co  // 
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Fig.  257. — Conaections  without  Voltage  or  Current  Transformers. 

In  cases  where  it  is  not  positively  known  that  the  power-factor 
is  above  50  per  cent,  the  following  method  may  be  used: 

First,  by  testing  with  an  incandescent  lamp,  or  a  voltmeter,  see 
that  the  voltage  leads  A,  B,  and  C  have  equal  voltages  between 
them. 

Second,  connect  these  leads  to  the  potential  circuit  of  the  watt- 
hour  meter,  as  shown  in  Figs.  257  and  258. 

Third,  connect  the  second  transformer  in  line  A  to  the  element 
whose  potential  coil  is  connected  to^AC  and  the  current  transformer 
of  line  B  to  the  element  whose  potential  circuit  is  connected  to  BC. 
Fig-  259  is  a  vector  diagram  showing  the  phase  relations  with  these 
connections.  In  this  diagram  AC  represents  the  voltage  on  the  ele- 
ment connected  at  A,  BC  the  voltage  on  the  element  connected  at 
B,  OA  the  current  in  the  element  connected  at  A,  and  OB  the  cur- 
rent in  the  element  connected  at  B. 
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Fourth,  disconnect  the  current  coil  B,  and  note  the  speed  of  the 
meter  with  clement  A  alone.  Then  change  the  voltage  connections 
of  element  A  from  AC  to  AB.  If  the  power-factor  is  loo  per  cent,  the 
meter  will  run  at  the  same  speed  as  before.  If  the  power-factor  is  less 
than  100  per  cent  and  greater  than  50  per  cent,  the  speed  of  the  meter 
will  be  different  but  will  be  In  the  same  direction  in  each  case.  H  the 
power-factor  is  less  than  50  per  cent,  the  meter  will  run  in  opposite 
directions  with  the  two  connections. 


z.//vf_t 


L-Ofijr 


Flc.  J  sK— Connections  with  Voltage  i 


Tent  Trai 


Fifth,  the  same  test  may  be  performed  on  element  B  by  changing 
the  connections  of  its  potential  coil   from  BC  to  BA. 

Sixth,  if  it  is  found  from  the  above  tests  that  the  power-factor  is 
greater  than  50  per  cent,  connect  the  current  coils  so  that  each  ele- 
ment lends  to  run  forward.  If  the  power-factor  is  less  than  50  per 
cent,  connect  the  current  coil  of  the  slower  element  so  that  it  tends 
to  run  backward  and  the  current  coils  of  the  faster  element  so  that 
it  tends  to  run  forward. 

If  the  changes  are  made  while  the  circuits  are  alive,  care  should 
be  taken  never  to  open  the  secondary  circuit  of  a  current  trans- 
former.   Serious  pergonal  injury  may  result  or  the  magnetic  slate  of  the 
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iron  may  be  altered  sufficiently  to  materially  change  the  ratio.  These 
dangers  may  be  avoided  by  always  short  circuiting  the  current  trans- 
secondary  before  opening  the  meter  circuit. 

Where  the  connections  cannot  be  easily  traced,  ringing  out  by  the 
ordinary  magneto  method  is  the  most  reliable  means  of  identifying 
the  various  circuits. 

Watt-hour  meters,  installed  on  consumers'  premises,  with  voltage 


Pig.  259. — Vector  Diagram  of  Phase  Relations. 

and  current  transformers,  must  be  correctly  calibrated  with  respect 
to  the  energy  in  the  high-tension  circuit. 

A  correct  calibration  is  obtained  directly  by  connecting  the  work- 
ing standards  in  the  high-tension  circuits  of  the  transformers  (Figs. 
292  and  293).  In  such  tests  the  impedance  in  the  low-tension  circuit 
of  the  transformers  should  be  the  same  as  in  service.  This  procedure 
should  be  followed  where  feasible. 

In  the  case  of  high  voltage,  or  heavy  current  lines,  and  also  in 
some  other  cases  where  the  character  of  the  installation  is  such  as 
to    make    high-tension    tests    difficult    or    impossible,    recourse    mav    be 
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had  to  low-tension  tests;  provided,  however,  that  the  transformer 
errors  are  determined  and  are  taken  account  of  in  the  calibration  of 
the  watt-hour  meter  under  test.  The  percentage  of  accuracy  of  the 
watt-hour  meter  should  be  adjusted  to  correspond  to  a  predetermined 
correction  curve,  which  gives,  with  each  load,  the  amount  by  which 
the  percentage  of  accuracy  with  respect  to  low-tension  energy,  must 
differ  from  loo  per  cent,  in  order  to  correct  for  the  transformer 
errors.  This  value  of  watt-hour  meter  accuracy  is  hereinafter  for 
brevity  referred  to  as  the  secondary  accuracy. 

The  permanency  of  commercial  transformers  is  such  that  their 
ratios  may  be  relied  upon  to  remain  unchanged  for  a  period  not 
greater  than  five  years,  provided  that  the  transformers  have  not  been 
subjected  to  overloads,  high-tension  short  circuits,  or  open  circuiting 
of  the  low-tension  winding  of  the  current  transformer  under  load. 

The  phase  displacements  in  the  voltage  and  current  transformers 
will  appreciably  affect  the  accuracy  of  the  watt-hour  meter  only  at 
low  power-factors. 

The  effect  will  be  equivalent  to  a  certain  error  in  the  lag  adjust- 
ment,  and  may  be  compensated  by  relagging  the  watt-hour  meter 
with  the  transformer  in  the  laboratory  prior  to  installation.  For 
methods  of  lagging  the  meter  in  the  laboratory,  see  Chapter  V. 

Owing  to  the  fact  that  the  phase  displacement  of  a  current  trans- 
former varies  with  load,  it  is  impossible  to  obtain  a  lag  adjustment 
which  is  absolutely  correct  for  all  loads.  Errors  from  this  source 
may  be  minimized  by  the  use  of  transformers  having  a  small  phase 
angle  and  by  having  the  lag  adjustment  made  in  the  laboratory  at 
a  load  representing  as  nearly  as  possible  the  normal  load  of  the  cir- 
cuit in  which  the  watt-hour  meter  is  to  be  used. 

In  high-tension  tests  where  the  voltage  and  current  exceed  the 
range  of  ordinary  wattmeters  and  rotating  standards,  portable  cur- 
rent and  voltage  transformers  may  be  used  in  connection  with  low 
range  working  standards.  The  correction  curve  of  the  combination 
is  obtained  by  testing  the  working  standards  in  conjunction  with  the 
transformers,  or  by  obtaining  through  the  laboratory  the  corrections 
as  given  in  Chapter  V,  and  applying  them  to  the  correction  curve  of  the 
working  standard  as  determined  without  the  transformers. 

In  testing  watt-hour  meters  used  with  current  transformers  special 
methods  of  loading  are  often  necessary. 

Where  the  primary  voltage  is  low,  permitting  loading  the  watt- 
hour  meter  and  transformer  together,  from  the  primary,  the  current 
will  ordinarily  be  so  large  as  to  preclude  the  use  of  load  boxes  of 
the  ordinary  capacity.     Step-down  transformers  may  be  used  to  fur- 
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nish  the  large  currents  or  the  consumer's  load  may  be  used  (Figs. 
292  and  293). 

In  testing  on  low  voltage  circuits  with  working  standards  in  the 
secondary,  the  loads  may  be  obtained  very  conveniently  by  short 
circuiting  the  current  transformer,  then  disconnecting  the  watt-hour  meter 
from  the  current  transformer,  and  loading  it  independently,  obtaining 
energy  from  the  high-tension  circuit  (Figs.  294,  295  and  296). 

Where  the  primary  voltage  is  high,  the  current  for  test  may  be 
obtained  from  the  low-tension  side  of  a  step-down  transformer  sup- 
plied by  the  same  system  (Fig.  298). 

If  it  is  possible  to  disconnect  the  current  transformer  from  the 
high  voltage  circuit,  a  high-tension  test  may  be  made  by  including 
the  current  transformer  together  with  the  working  standards  in  the 
low-tension  circuit  of  the  step-down  transformer,  the  voltage  connec- 
tions of  the  watt-hour  meter  remaining  undisturbed. 

Where  no  low  voltage  current  is  available,  as,  for  example,  in  the 
case  of  a  circuit  supplying  power  directly  to  a  high  voltage  motor, 
it  is  necessary  to  make  the  secondary  test,  using  the  consumer's 
load,  inserting  the  working  standards  in  the  low-tension  side,  but 
otherwise  leaving  the  connections  the  same  as  in  service  (Figs.  299,  300 
and  301). 

Light  load  tests  may  be  made  by  loading  the  watt-hour  meter  from 
the  low-tension  side  of  the  voltage  transformer,  if  the  capacity  of  the 
transformer  will  permit  (Fig.  302). 

Where  secondary  tests  are  made  at  a  low  power-factor,  using  the 
consumer's  load,  the  watt-hour  meter  should  be  adjusted  to  the  value 
of  secondary  accuracy  corresponding  to  the  actual  power-factor.  If 
the  watt-hour  meter  has  been  previously  relagged  with  respect  to 
the  high-tension  side,  this  renders  the  meter  correct  at  all  power- 
factors. 

For  method  of  determining  the  correction  curve  for  use  with 
instrument  transformers  and  watt-hour  meters,  see  Chapter  V. 
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CASE  I. — Two-Wire  Watt-Hour  Meter  With  Only  One   Side  of 
Circuit  Through  the  Watt-Hour  Meter. 
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Pig.  260. — Normal  Service  Connections. 
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Pig.  261. — ^Watt-hour  Meter  Circuit  Opened  after  Being  Shunted. 
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Fk;.  262. — Method  of  Introducing  Ammeter  for  Testing  on  Consimier's  Load. 
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Pig.  263. — Pinal  Connections  for  Testing  on  Consumer's  Load. 
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Pig.  264. — Connections  for  Testing  with  Voltmeter,  Ammeter  and  Lamp  Bank,  Load  Box, 

or  Water  Rheostat. 
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Pig.  265. — Connections  for  Testing  with  Wattmeter,  or  Rotatixig  Standard  and  Lamp  Bank, 

Load  Box,  or  Water  Rheostat. 
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Fig.  266. — Connections  for  Testing  with  Calibrated  Resistance  and  Voltmeter, 
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Fic.  i6t. — Connrctioiu  for  Tesling  with  Voltmeter,  Ammeter,  and  Storage  Bstttrv, 
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CASE  11. — Two- Wire  Watt-Hour  Meter  With  Both  Sides  of  Cir- 
cuit Passing  Through  the  Watt-Hour  Meter. 


Pig.  269. — Normal  Service  Connections. 
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Pig,  270. — Watt-hour  Meter  Circuit  Opened  after  Being  Shunted. 


Pig.  371. — Connections  for  Testing  with  Voltmeter  and  Ammeter,  and  Lamp  Banks,  Load 

Box,  or  Water  Rheostat. 
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Pig.  272. — Connections  for  Testing  with  Wattmeter,  or  Rotating  Standard  and  Lamp  Bank, 

Load  Box,  or  Water  Rheostat. 
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Pig.  373. — Connections  for  Testing  with  Calibrated  Renstance  and  Voltmeter. 
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Pig.  374. — Connections  Arranged  Preparatory  to  Testing  with  Storage  Battery  or  Transformer 
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Fig.  27s. — Complete  Connections  for  Testing  with  Voltmeter,  Ammeter,  and  Storage 

Battery. 
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Pig.   276. —  Complete   Connections  for  Testing  with    Wattmeter,  Rotating  Standard,  and 

Stepdown  Transformer 
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CASE  III. — ^Three-Wire  Watt-Hour  Meter  With  Potential  Circuit 
Across  Outer  Wires. 
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Pig.  277. — Normal  Service  Connections. 
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Pic.  278. — ^Watt-hour  Meter  Circuit  Opened,  after  Being  Shunted. 
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Pig.  279- — Connections  for  Testing  (Service  Connections  Normal)  with  Voltmeter  and  Am- 
meter and  Lamp  Bank,  Load  Box,  or  Water  Rheostat.  The  Connections  for  Testing 
with  Wattmeter*  Rotating  Standard,  and  Calibrated  Resistance  are  Similar. 
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Pig.  iSi— Complete  Cannections  for  Testing  irith  Cwls  ia  Series 
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CASE   IV. — Three- Wire  Watt- Hour   Meter   With   the   Potential 
Circuit  Between  the  Neutral  and  One  Outer  Wire. 
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Pig.  282. — Normal  Service  Connections. 
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Pig.  283. — Connections  for  Testing  (Service  Connections  Normal)  with  Voltmeter  and  Am- 
meter and  Lamp  Bank,  Load  Box,  or  Water  Rheostot.  Connections  for  Testing  with 
Wattmeter.  Rotating  Standard,  or  Voltmeter,  and  Calibrated  Resistance  are  Similar. 


t» 


^q 


Pig.  284. — Connections  Arranged  Preparatory  to  Testing  with  Coils  in  Series 
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CASE  V. — Polyphase  Watt-Hour  Metek. 
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CASE  VI. — Watt-Hour  Meter  With  Current  Transformers  Only. 
I^w  Primary  Voltage. 
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Fig.  392. — Connections  for  Testing  from  the  Primary  with  Wattmeter  or  Rotating  Standard 

and  the  Consumer's  Load. 
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Plc.  ws, — Watt-hour  Meter  EHscMineci 


mm.  ^^M'T'iA^y  .^KM^T&'S^"^'' 


,  / 


FlO.  3g4. — Complete  CannecCione  for  Secondary  Test. 
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CASE  VII.— Watt-Hour  Meter  With  Both  Current  and  Voltage       \ 
Transformers. 
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Pig.  297. — Normal  Service  Connections. 
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Pig.  298.— Connections  for  Testing  from  an  Independent  Low-voltage  Circuit. 
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Fig.  300.— Watt- hour  Meter  Circuit  Open  for  Conneeting  Initi 
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Pig.  301. — Connections  for  Testing  from  the  Secondary  with  Wattmeter,  Rotating  Standard. 

and  the  Consumer's  Load. 
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Pig.  30J. — Connections  for  Testing  on  Light  Load  from  Secondary  of  Voltage  Transfocmei, 
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Fic.    303.— Two-pha«e,  Pouf-irtre   Circuit.    Watt-hour    Meier  with   Cuirent  and  Voltage 
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Pig.  J04. — Watt-hour  Meter  with  Current  and  Voltage  Transformers. 


iVATT-HOUR   METER   TESTING 


429 


SoUf<C€^ 


Tnniformer 


uuruttJ 


eurrenf 


mjr 


•<a^rj(v 


LoAO 


-i ^Tf?if3v-. 


vyyiQF\    *— 


r^ 


^msm 


'vnnvtr 


Ifltt. 


mm. 


pnonn 


Poi^^hiise  h^oft-hour  M^fer 


Pig.  305.  —  Connections  for  Three-phase,  Pour-wire  Circuit,  using  Two-element  Watt- 
hour  Meter  with  Voltage  Transformers.  (Three  Current  Transformers  are  Required 
for  all  Capidties.) 
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Fie.   306. — Three-phase,   Pour-wire,   Three-element   Watt-hour   Meter   with   Current    and 

Voltage  Transformers. 
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CHAPTER  VIII 
Watt- HOUR  Meter  Testing  Methods 

In  this  chapter  it  is  desired  to  give  such  a  description  of  practical 
and  recognized  standard  methods  of  testing  that  will  enable  the 
meterman  to  make  accurate  tests  of  watt-hour  meters.  Other  chap- 
ters in  this  book  describe  instruments  to  be  used  and  methods  of 
handling  and  caring  for  them;  auxiliary  apparatus  and  equipment 
used  in  testing;  the  avoidance  of  possible  errors  in  testing;  troubles 
to  watch  for  in  operation,  and  adjustments  that  can  be  made. 

Watt-hour  meter-testing  methods  may  be  subdivided  into  three 
classes,  according  to  the  means  employed:  (i)  Indicating  Instrument 
Method;  (2)  Rotating  Standard  Method;  (3)  Calibrated  Resistance 
Method. 

In  testing  by  means  of  indicating  instruments,  a  whole  number 
of  revolutions  of  the  moving  element  of  the  watt-hour  meter  is  timed, 
in  seconds  and  fractions  thereof,  with  a  stop  watch.  The  power  pass- 
ing through  the  watt-hour  meter  is  measured  by  the  proper  indicating 
instruments.  The  instruments  generally  used  for  continuous  current 
testing  are  a  voltmeter  and  a  millivoltmeter  with  a  combination  of 
shunts  calibrated  as  an  ammeter.  The  above-named  instruments 
should  preferably  be  of  the  D'Arsonval  type.  For  alternating  current 
work  good  indicating  wattmeters  should  be  used. 

In  Chapter  VII,  under  accuracy  of  testing  and  sources  of  possible 
errors,  are  given  hints  which  will  enable  accurate  work  to  be  done.  Chap- 
ter V  contains  a  treatise  on  the  instruments  to  be  used. 

The  meter  watts  may  be  figured  by  the  following  formula, 

• 

-,  K-  R 

Meter  watts  = — --- 

S 

K^  =  watt-seconds  per  revolution  of  moving  element  of  the  watt-hour 
meter  =  the  watt-second  constant  of  the  meter  under  test. 
R  =  number  of  revolutions  in  S  seconds, 
S  =  duration  of  test  in  seconds. 
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The  standard  watts  are  obtained  from  the  volts  and  amperes  in 
continuous  current  testing,  and  are  read  directly  from  the  wattmeter 
in  alternating  current  testing,  average  values  being  taken  if  the  load 
fluctuates  at  all. 

meter  watts 

Percentage  of  accuracy  = ; — ;; X  loo 

standard  watts 

Therefore, 

Percentage  of  accuracy  =_    ~  ;     ;  X  lOO 

S  X  standard  watts 

or  the  percentage  of  accuracy  may  be  figured  by  the  following  formula: 

Meter  watt- seconds  =  K^R 
Standard  watt-seconds  =  W  S 

Where  W  =  average  volts  X  average  amperes  during  S  seconds,  as  read 
from  the  instruments,  or  equals  the  average  reading  of  wattmeter,  where 
a  wattmeter  is  used. 

K,R 

Then  percentage  of  accuracy  =-——X  loo 

W  ^ 

Examples  showing  how  to  use  both  these  formulas  are  given  in  Chap- 
ter VII, 

In  Chapter  VII  are  also  shown  proper  connections  for  making  tests  by 
this  method.  It  will  be  noticed  that  all  connections  are  made  so  that  the 
watt-hour  meter  does  not  measure  the  potential  loss  of  the  instruments, 
or  the  instruments  measure  the  potential  loss  of  the  watt-hour  meter. 

If  the  instruments  are  more  than  0.3  per  cent  in  error,  correction  charts, 
or  curves,  should  be  supplied  and  corrections  applied  to  readings  before 
the  entry  is  made  on  test  forms,  and  before  the  results  are  figured.  Stop 
watches,  which  are  found  in  error,  should  be  corrected.  The  stop  watches 
used  should  be  compared  daily  with  a  pendulum  which  accurately  beats 
seconds.  The  instruments  should  be  referred  to  sub-standai^ds  at 
such  frequent  intervals  as  will  insure  their  continued  accuracy. 

It  is  considered  good  practice  to  use  artificial  loads  for  testing  pur- 
poses. Some  of  these  devices  are  described  in  Chapter  IX.  This 
practice  permits  of  the  consumer's  load  being  shunted  and  provides  a 
convenient   means   of   controlling  the   testing  load. 

It  is  advisable  to  use  two  men  when  testing  by  means  of  indicating 
instruments.     One  to  watch  and  read  the  instruments,  and  the  other  to 
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time  the  revolutions  of  the  moving  element  of  the  watt-hour  meter  under 
test. 
The  work  may  be  divided  between  the  two  men  as  follows: 


Tester 

(i)  Checks  watt-hour  meter 
number  with  that  on  test  form; 
takes  and  enters  register  reading 
of  watt-hour  meter;  cleans  and  re- 
moves cover;  makes  necessary  con- 
nections for  test  and  examines 
watt-hour  meter  for  creeping. 

(2)  Reads    instruments;    figures 
percentage    of    accuracy    of    watt- 
hour  meter  by  means  of  slide  rule, 
and  makes  proper  entry  "  as  found  " 
on  test  form. 

(3)  Examines  jewel  and  pivot; 
cleans  inside  of  watt-hour  meter,  if 
necessary,  and  thoroughly  exam- 
ines meter  for  defects. 

(4)  Recalibrates  the  watt-hour 
meter,  if  necessary;  enters  opera- 
tions and  "as  left"  tests  on  the 
test  form  and  again  examines 
watt-hour  meter  for  creeping. 

(5)  Properly  reconnects  watt- 
hour  meter;  examines  cover  for 
holes  and  defects;  replaces  cover; 
takes  and  enters  register  reading 
on  test  form;  inspects  watt-hour 
meter  through  glass  window,  to 
see  if  it  is  recording;  examines 
connections  to  consumer's  load 
to  sec  that  there  is  no  break  in 
circuit  and  enters  special  obser- 
vations under  "Remarks"  on  test 
form. 


Assistant 

(i)  Checks  watt-hour  meter  reg- 
ister reading;  sets  up  instruments 
in  a  safe  place,  as  free  from  vibra- 
tion, magnetic  influence  and  liabil- 
ity to  mechanical  injury  as  possi- 
ble; gets  4eads  and  apparatus  in 
condition  for  use  in  making  con- 
nections. 

(2)  Times  speed  of  moving  ele- 
ment of  watt-hour  meter  with  stop 
watch. 


(3)  Hands  necessary  jewels,  tape 
and  tools  to  tester,  trying  to  an- 
ticipate his  wants.  Cleans  cover 
and  glass  window  thoroughly. 

(4)  Times  speed  of  moving  ele- 
ment of  watt-hour  meter  with  stop 
watch,  and,  if  competent,  makes 
adjustments  under  directions  of 
the  tester. 

(5)  Hands  tester  the  cover  and 
sealing  appliances  and  packs  tools, 
instruments  and  apparatus  for 
transportation  to  next  place. 


I 
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The  above  is  not  given  as  universal  practice  but  is  cited  here  for  tl 
purpose  of  recommending  systematic  work,  so  that  there  will  be  a  mii 
mum  of  unprofitable  time  spent  by  each  meterman. 

Rotatiiig  standards  are  made  with  multiple  current  coils  and  g^ener 
ally  for  two  different  potentials,  such  as  no  and  220  volts.  The  obj< 
of  this  is  to  so  select  a  current  coil  that  the  rotating  standard  Mnflj 
never  operate  on  very  low  percentage  loads,  or  on  overloads,  and  ah 
to  select  a  proper  potential  coil.  It  is  best  to  have  them  operating 
between  50  per  cent  and  100  per  cent  load  especially  when  using:  con^l 
tinuous  current  rotating  standards.  They  are  now  made  with  some 
such  range  of  capacities- of  current  coils  as  follows:  i,  5,  10,  50  and  ioo{ 
amperes,  or  i,  3,  10,  30  and  100  amperes. 

Rules  for  use  accompany  each  rotating  standard  and  should  be  thor- 
oughly learned  and  understood  before  attempting  to  use  the  instrument 

The  connections  for  testing  are  the  same  as  with  instruments,  i.  e.,  the 
current  coil  is  connected  the  same  as  an  ammeter,  or  the  current  coil 
of  an  indicating  wattmeter,  and  the  potential  coil  the  same  as  a  volt- 
meter, or  the  potential  coil  of  an  indicating  wattmeter  would  be.  How- 
ever, as  the  potential  circuit  of  rotating  standards  require  more  current 
than  indicating  instruments,  more  care  should  be  taken  to  make  good 
electrical   contacts  with  the  potential  leads. 

When  setting  up  a  rotating  standard  for  the  purpose  of  making  a  test, 
a  place  should  be  selected  as  free  from  vibration  and  magnetic  influence 
as  possible.  The  current  leads  should  go  to,  and  from,  the  standard 
close  together  so  that  there  will  be  no  resultant  magnetic  field  produced 
by  them.  Avoid  proximity  to  masses  of  iron,  motors,  electrical  apparatus 
and  to  conductors  carrying  heavy  currents.  These  precautions  should 
be  more  carefully  observed  with  continuous  than  with  alternating  current 
rotating  standards.  In  addition,  the  continuous  current  rotating  stand- 
ards should  always  have  their  positive  leads  connected  to  the  positive 
binding  posts  and  should  always  be  placed  with  the  plane  of  their  current 
coils  in  the  direction  indicated  by  a  compass  needle.  The  plane  of  the 
current  coils  should  always  be  parallel  to  the  direction  in  which  a  com- 
pass needle  points,  with  the  current  and  potential  coils  of  the  rotating 
standard  "dead,'*  and  the  relative  directions  of  rotating  standard  and 
compass  needle  should  always  be  the  same.  Care  should  be  taken  to  level 
the  rotating  standard. 

Two  single-phase  rotating  standards  may  be  used  for  testing  two-phase 
watt-hour  meters,  and  three-phase,  three-wire  watt-hour  meters,  by  plac- 
ing one  rotating  standard  in  each  phase,  in  a  manner  similar  to  that  in 
which  two  indicating  wattmeters  would  be  connected  in  the  indicating 
instrument  method.    They  may  be  started  and  stopped  by  using  ^  .1 
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controlling  switch.  If  one  rotating  standard  rotates  backward,  on  a 
three-phase  three-wire  test,  without  having  its  current,  or  potential  con- 
nections reversed,  it  indicates  that  the  power-factor  of  the  load  is  below 
.50.  The  rotating  standard  should  not  be  used  rotating  backward,  for 
it  will  register  low  on  account  of  the  friction  compensating  torque  op- 
posing rotation.  Either  the  current,  or  the  potential,  connections  should 
be  reversed,  thus  causing  that  rotating  standard  to  rotate  forward,  and 
its  registration  subtracted  from  th^  registration  of  the  other  rotating 
standard.  A  polyphase  rotating  standard  may  be  used  instead  of  two  of 
the  single-phase  type,  provided  it  has  been  found  free  from  the  effects 
of  interference  between  elements.  Where  the  difference  between  the 
accuracy  of  a  rotating  standard,  as  checked  on  single-phase,  and  its  ac- 
curacy as  checked  on  polyphase,  does  not  exceed  0.5  per  cent,  it  may  be 
calibrated  on  a  single-phase  circuit.  If  the  difference  between  the  above 
accuracies,  on  single-phase  and  polyphase,  exceeds  0.5  per  cent  at  any 
point  in  the  working  range,  the  rotating  standards  shoulcf  be  calibrated 
with  a  polyphase  load  of  the  same  number  of  phases  as  that  on  which 
they  are  used  in  service.  This  difference,  if  present,  will  increase  as  the 
power-factor  decreases. 

Several  different  methods  of  testing  watt-hour  meters  by  means  of 
rotating  standards  are  practised  by  various  companies.  These  will  be 
described  as 

a.  The  Switch  Method. 

b.  The  Philadelphia  Electric  Method. 

c.  The  Wheatstone  Bridge  Method. 

The  switch  method  is  that  in  which  the  rotating  standard,  or  the 
dial  hand  of  the  standard,  is  started  and  stopped  at  the  beginning  and 
end  of  each  test  reading.  This  is  accomplished  in  alternating  current 
standards  by  a  switch  in  the  potential  circuit,  the  operation  of  which 
starts  or  stops  the  standard.  In  continuous  current  rotating  stand- 
ards, a  switch  in  the  potential  circuit  is  used  in  the  type  whose  accu- 
racy is  not  altered  by  the  heating  of  the  potential  circuit.  In  those 
types  of  continuous  current  rotating  standards  in  which  the  heating 
of  the  potential  circuit  affects  the  accuracy,  the  standard  is  started 
and  stopped  by  a  switch  in  the  current  or  field  circuit,  or  the  rotating 
standard  runs  continuously  and  the  dial  hand  is  engaged  or  disen- 
gaged by  a  magnetic  clutch,  the  circuit  of  which  is  connected  across 
the  line  potential  and  opened  or  closed  by  a  switch. 

In  all  these  types,  the  switch  is  connected  to  the  standard  by  a 
flexible  cord,  so  that  it  can  be  operated  by  the  tester  from  his  posi- 
tion at  the  meter  under  test.  The  method  of  procedure  is  the  same, 
so  that  one  description  will  apply  to  all  cases  (Fig.  307). 
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By  the  potential  switch  method  of  testing  watt-hotir  meters  by 
means  of  a  rotating  standard,  the  latter  is  started  at  the  beginning 
and  stopped  at  the  end  of  a  predetermined  number  of  revolutions 
of  the  watt-hour  meter  under  test.  A  reading  of  the  rotating  stand- 
ard is  taken  at  the  beginning  and  end  of  the  test  and  the  difference 


Pig.  307— Application  of  the  Potfnlial  Switch  Method  of  Watt-hour  Meter  Teitiii«. 

of  these  two  readings  gives  the  revolutions  and  fractions  thereof 
made  by  the  Totaling  standard.  (It  is  an  easy  matter  to  set  the 
rotating  standard,  when  starting  a  given  test,  at  some  even  number 
of  revolutions,  thus  facilitating  the  taking  of  this  difference.) 

If  no  correction  is  to  be  applied  to  the  rotating  standard,  the  percentage 
of  accuracy  of  the  wati-hour  meter  under  test  is  obtained  as  follows  i 
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Let  R   =  observed  revolutions  of  watt-hour  meter  under  test  (abbrevi- 
ated meter  revs.) 
R^  =  observed  revolutions  of  rotating  standard. 
K,,  =  watt-hour  constant  of  meter  under  test. 
K'^  =  watt-hour  constant  of  rotating  standard. 


Then  percentage  of  accuracy  = 


Another  method  of  figuring  percentage  of  accuracy,  somewhat  simpler 
after  being  used,  is  as  follows: 

Let  R^  =  correct  revolutions  of  rotating  standard  (abbreviated,  stand, 
revs.),  that  is  the  number  of  revolutions  the  rotating  stand- 
ard should  make  to  correspond  with  the  ratio  of  K^  to 
K'j^    as  shown  in   Tables. 

Then  percentage  of  accuracy  — X   loo. 

Rx 

Since  the  number  of  revolutions  for  a  given  amount  of  energy  meas- 
ured is  inversely  proportional  to  the  watt-hour  constant. 

When  a  correction  is  to  be  applied  for  the  error  in  the  rotating  stand- 
ard this  percentage  error  is  added  to  the  result  in  case  the  rotating  stand- 
ard is  fast,  or  subtracted  from  it  in  case  the  rotating  standard  is  slow. 

Example : 

Watt-hour  meter  under  test,  K^  =0.5*    watt-hr.  per  rev. 
Rotating  standard  K',,  =  0.05  watt-hr.  per  rev. 

The  rotating  standard  should  therefore  make  10  revolutions  to  one 
of  the  watt-hour  meter  under  test.  (See  table).  Two  revolutions  of 
meter  under  test  were  taken  and  the  rotating  standard  made,  during  same 
period,  20I16  revolutions,  but  should  have  made  2  X  10,  or  20  revolu- 
tions, if  the  watt-hour  meter  had  been  accurate. 

20 

Percentage   of   accuracy  = X    100  =  99.2%. 

20.16 

This  can  be  calculated  by  one  setting  of  slide  rule. 
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TABLES  SHOWING  RELATIVE  SPEEDS  OF  ROTATING  STANDARD 
AND  WAIT-HOUR  METER  UNDER  TEST 


Rotating 
Standard 
Constants 


0.05  I 

o.io] 

0.15] 
0.2     \ 

0.25  J 
0.3     ] 


Watt-Hour  Meter  Constants  =  Kh 
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0.25   0.3 
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■'  { 
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8 

I 
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4 
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I 
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3 

I 
I 
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5 

2 
3 

3 
5 

I 

2 

2 

5 

3 
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I 

8 
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5 

3 
32 

3 
20 

I 

2 

12 

15 
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16 

I 
10 

I 

2 

20 

25 

3 
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3 
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25 
6 

25 
12 

25 
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36 

5 
8 

25 
48 

5 
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5 
16 

5 
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5 
32 

5 
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5 
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12 

5 
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I 

5 
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4 
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I 
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8 
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I 
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10 
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3 

2 

6 

5 
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I 
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10 
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4 
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5 
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20 
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10 
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40 
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5 

3 
20 

3 
25 
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20 
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10 

3 
20 

9 

5 
3 

4 
3 

10 

9 

I 
I 

5 
6 

2 

3 

I 

2 

I 

3 

I 

4 

2 

9 
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6 

2 

I 

8 


15 

2 

4 
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4 

9 

8 
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16 

3 

4 

9 
16 
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8 

9 

32 
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4 
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16 

3 
20 

9 
64 


0.4 


8 
I 
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I 
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3 

2 
I 

8 
5 

4 
3 

6 

5 

I 
I 

4 
5 

3 
5 

2 
5 

3 
10 

4 
15 

I 

5 

4 
25 

3 
20 


IS 


25 

3 

25 
6 

25 
9 

25 
12 

5 
3 

25 

18 

5 
4 

25 
24 

5 
6 

5 
8 
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12 
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16 

5 
18 

5 
24 
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6 

5 
32 


OS 


10 

I 

5 
I 

ID 

3 

5 
2 
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I 
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3 

3 

2 

5 
4 

I 
I 
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4 

I 
2 
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8 

I 
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I 
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I 
5 

3 
16 
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32 

5 
12 

5 
16 
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4 
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Rotating 
Standard 
Constants 

I 

• 

*3 

0.75 

15 

I 

3 

rr-HC 
1.0 

20 
I 

)UR  ME 
X.25 

eterl; 
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li 
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2l 
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25 

I 

80 
3 

30 

I 

100 
3 

40 
I 

50 

I 
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I 

25 
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3 
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I 
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I 
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2 
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4 
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2 

5 
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15 

3 
5 

2 
3 

4 
5 
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I 

16 

15 

"1 
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16 

3 

8 
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Constants 

3.0 

3i 

Watt-Hour  Meter  Constants  = 

4.0      5.0        5^       6.0      7*5      80        lo.o 

16     20       64     24    30    32       40 
II         3       I       I       I         I 

Kh 

128 
3 

Z2.0 

48 
I 

la.s 

50 

I 

.0.2S 

* 
1 

♦12 

40 

3 

0.3 

10 

100 

40 

50 

160 

20 

25 

80 

100 

320 

40 

125 

I 

9 

3 

3 

9 

I 

I 

3 

3 

9 

I 

3 

\ 

9 

10 

12 

15 

16 

18 

45 

24 

30 

32 

36 

75 

I 

I 

I 

I 

I 

I 

2 

I 

I 

I 

I 

2 

0.4 

15 
2 

25 
3 

10 
I 

25 
2 

40 
3 

15 
I 

75 
4 

20 

I 

25 

I 

80 
3 

30 

I 

125 
4 

0.5 

6 

20 

8 

10 

32 

12 

15 

16 

20 

64 

24 

25 

I 

3 

I 

I 

3 

I 

I 

I 

I 

3 

I 

I 

jL 

9 

5 

6 

15 

8 

9 

45 

12 

15 

16 

18 

75 

A 

2 

I 

I 

2 

I 

I 

4 

I 

I 

I 

I 

4 

I     0 

3 

10 

4 

5 

16 

6 

15 

8 

10 

32 

12 

25 

JL   ■  \J 

I 

3 

I 

I 

3 

I 

2 

I 

I 

3 

I 

2 

ih 

9 
4 

5 
2 

3 
I 

15 
4 

4 
I 

9 

2 

45 
8 

6 
I 

15 

2 

8 
I 

9 

I 

75 
8 

1-5 

2 

20 

8 

10 

32 

4 

5 

16 

20 

64 

8 

25 

I 

9 

3 

3 

9 

I 

I 

3 

3 

9 

I 

3 

2.0 

3 

2 

5 
3 

2 
I 

5 

2 

8 
3 

3 
I 

15 
4 

4 
I 

5 

I 

16 
3 

6 
I 

25 

4 

2.5 

6 
5 

4 
3 

8 
5 

2 
I 

32 
15 

12 

5 

3 

I 

16 
5 

4 

I 

64 
15 

24 
5 

5 

I 

2| 

9 

8 

5 
4 

3 
2 

15 
8 

2 
I 

9 

4 

45 
16 

3 
I 

15 

4 

4 

I 

9 

2 

16       , 

t    f\ 

I 

10 

4 

5 

16 

2 

5 

8 

10 

32 

4 

25 

30 

I 

9 

3 

3 

9 

I 

2 

3 

3 

9 

I 

6 

50 

3 
5 

2 

5 
8 

4 
5 

I 
I 

16 
15 

6 

5 

3 

2 

8 
5 

2 
I 

32 
15 

12 
5 

5 

2 

5^ 

9 
16 

3 
4 

15 
16 

I 
I 

9 

8 

45 
32 

3 
2 

15 

8 

2 
I 

9 

4 

75 
32 

10. 0 

3 
10 

I 
3 

2 
5 

I 
2 

8 
15 

3 

5 

3 
4 

4 
5 

I 
I 

16 
15 

6 
5 

5 
4 

io5 

9 
32 

5  . 
16 

3 
8 

15 
32 

I 
2 

9 
16 

45 
64 

3 
4 

15 
16 

I 
I 

9 
8 

75 
64 

-    —  — 

—  — 

-  -- 

"~ 

WATT-HOUR   METER    TESTING  METHODS 


443 


The  above  tables  give  the  ratio  of  the  revolutions  which  should  be 
made  by  the  rotating  standard  to  the  revolutions  made  by  the  watt-hour 
meter  under  test  when  they  are  connected  so  as  to  measure  the  same 
energy  and  their  watt-hour  constants  are  related  as  shown  in  the 
table. 

The  star  opposite  the  upper  figures  in  the  horizontal  lines  indicate  the 
rotating  standard  revolutions  and  that  opposite  the  lower  figures  the 
revolutions  of  the  watt-hour  meter  under  test. 

In  the  Philadelphia  Electric  method  of  watt-hour  meter  testing, 
the  rotating  standard  is  allowed  to  run  continuously  and  a  signal  is 
transmitted  to  the  ear  of  the  tester  at  each  revolution  of  the  moving 
element  of  the  rotating  standard.  The  number  of  revolutions  as  indi- 
cated by  the  signal  is  then  compared  directly  with  the  revolutions  of 
the  moving  element  of  the  meter  under  test  (Fig.  308). 

The  signal  is  accomplished  by  an  electrical  contact  on  the  moving  ele- 
ment of  the  rotating  standard  arranged  in  series  with  a  telephone  re- 
ceiver and  a  dry  battery.  A  description  of  these  connections  will  be 
given  later  in  detail. 

This  method  of  applying  the  rotating  standard  compares  a  definite  num- 
ber of  complete  revolutions  of  the  moving  element  of  the  rotating  stand- 
ard to  the  nirmber  of  complete  and  fractional  revolutions  made  by  the 
moving  element  of  .the  meter  under  test,  during  the  same  period  of  time ; 
this  being  the  opposite  of  the  potential  switch  method^  where  a 
definite  number  of  revolutions  of  the  moving  element  of  the  meter 
under  test  are  compared  to  complete  and  fractional  revolutions  of  the 
moving  element  of  the  rotating  standard.  In  conducting  a  test,  both  the 
rotating  standard  and  the  meter  under  test  are  started,  and  while  running, 
a  reading  may  be  started  at  any  time  by  locating  the  position  of  a  mark 
on  the  rotating  element  of  the  meter  at  the  instant  a  signal  is  received 
in  the  head-type  telephone.  When  the  meter  is  correct,  the  mark  will 
occupy  the  same  relative  position  at  each  successive  signal  (that  is,  at 
each  revolution  of  the  moving  element  of  the  rotating  standard)  and  the 
total  number  of  revolutions  of  the  moving  elements  of  both  rotating 
standard  and  meter  under  test  will  be  equal,  providing  the  test  constants 
of  both  the  rotating  standard  and  meter  under  test  are  the  same.  If 
the  test  constants  are  not  the  same  the  number  of  revolutions  of  the 
moving  element  of  the  rotating  standard  and  the  meter  under  test  will 
bear  a  definite  ratio  to  each  other,  which  is  determined  in  the  same  man- 
ner as  in  other  methods  employing  a  rotating  standard;  that  is,  by 
dividing  the  test  constant  of  the  meter  under  test  by  the  test  constant 
of  the  rotating  standard. 

If  the  meter  under  test  is  fast,  the  relative  position  of  the  mark  will 
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advance  a  certain  distance  at  each  successive  revolution  of  the  moving 
element  of  the  rotating  standard,  and  if  slow,  the  mark  will  drop  a  cer- 
tain distance  behind  the  starting  point  at  each  revolution  of  the  moving 
element  of  the  rotating  standard.  The  distance  gained,  or  lost,  during 
a  reading  may  be  equal  to  a  whole,  revolution,  or  only  to  a  fraction  of 
a  revolution,  depending  upon  the  error  of  the  meter  under  test  and  the 
time  duration  of  the  test.  In  the  latter  case,  this  distance  can  be  deter- 
mined directly  as  a  fraction  of  a  revolution  of  the  moving  element  of 
the  meter  under  test,  or  determined  indirectly  by  expressing  the  distance 
in  inches  and  dividing  this  number  by  the  circumference  (in  inches)  of 
the  moving  element.    If  desired,  a  graduated  scale  can  be  readily  applied 


Pig.  309. — Graduated  Scale  Applied  to  Watt-hour  Meter  undei  Test. 

by  which  the  fractional  revolution  and  consequently  the  percentage 
error  is  directly  indicated  (Fig.  309). 

All  personal  errors  are  thus  reduced  to  a  single  determination  that  can 
be  easily  and  accurately  made.  When  the  moving  element  of  the  meter 
under  test  is  allowed  to  gain  or  lose  a  complete  revolution,  the  possibility 
of  personal  error  is  practically  eliminated. 

The  percentage  of  accuracy  of  the  meter  is  determined  by  dividing  the 
total  number  of  complete  and  fractional  revolutions  of  the  moving  ele- 
ment actually  made  by  the  meter  under  test,  by  the  number  of  complete 
revolutions  it  should  have  made  as  determined  by  the  rotating  standard ; 
that  is, 

Revolutions  meter  under  test  actually  made  Percentage  of 

---  — —    —      — 1  1  ~~i  '     '     — r         100—     . 

Revolutions  meter  under  test  should  have  made  Accuracy. 
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By  allowing  an  incorrect  meter  to  gain  or  lose  a  complete  revolution 
of  the  moving  element,  which  is  the  practice  when  a  meter  is  more  than 
2  per  cent  in  error  the  testing  is  further  simplified  and  the  calculations 
are  rapidly  determined  mentally.  To  illustrate,  consider  a  meter  2  per 
cent  in  error.  The  moving  element  gains,  or  loses,  a  complete  revolution 
while  the  moving  element  of  the  rotating  standard  is  making  50  revolu- 
tions. The  only  calculation  necessary  to  determine  the  percentage  of 
accuracy  is  fir  X  100,  or  102  per  cent,  if  a  revolution  of  the  moving  ele- 
ment were  gained,  and  ^l  X  100,  or  98  per  cent,  if  the  moving  element 
lost  a  revolution. 

Should  the  moving  element  of  the  meter  under  test  actually  gain  one 
complete  revolution  while  the  moving  element  of  the  rotating  stand- 
ard made  50  revolutions,  and  should  the  tester  consider  that  the  mark 
on  the  moving  element  of  the  meter  under  test  did  not  coincide  with 
the  signal  until  51  revolutions — ^that  is,  should  the  tester  consider  that 
the  moving  element  of  the  meter  under  test  did  not  gain  a  whole 
revolution  until  the  fifty-first  revolution — the  error  produced  in  the 
determination  would  only  be  .04  per  cent  (four  one-hundredths  of  one 
per  cent);  or  by  calculation  H  X  100=  102%  and  H  X  100=  101.96%, 
the  difference  being  as  stated,  .04%  (four  one-hundredths  of  one  per 
cent). 

Thus  it  is  obvious  that  the  time  duration  of  the  test  will  not  necessarily 
be  extended  beyond  practical  limits,  for  when  the  meter  under  test  is 
more  than  2  per  cent  in  error,  it  will  naturally  require  a  very  short  time 
for  the  moving  element  of  the  meter  under  test  to  gain,  or  lose,  a  com- 
plete revolution. 

Since,  however,  a  majority  of  the  meters  are  found  within  the  limits 
of  plus,  or  minus,  2  per  cent,  full  load  readings  are  usually  about  20 
revolutions  of  their  moving  element  and  light  load  readings  not  less  than 
4  revolutions  of  their  moving  element.  It  is  apparent,  therefore,  that  the 
same  revolution  error  at  light  load  represents  a  greater  percentage  error 
than  at  full  load,  where  it  is  distributed  over  a  greater  number  of  revolu- 
tions. This,  however,  does  not  result  in  greater  errors  at  light  load, 
since  the  moving  element  moves  at  a  much  lower  speed  and  the  determi- 
nation of  a  given  fractional  revolution  may  be  accomplished  with  greater 
accuracy. 

The  calculation  required  for  determining  the  accuracy  of  meters  found 
within  the  usual  limits,  is  ordinarily  a  simple  mental  problem,  but,  as 
stated,  if  desired  a  graduated  scale  can  be  readily  applied  by  which  the 
percentage  error   is   directly   indicated. 

The  final  adjustment  of  the  meter  under  test  is  especially  facilitated  by 
*he  use   of  the   Philadelphia   Electric   method,   since  the  position  of 
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the  starting;  mark  can  be  observed  and  the  adjustments  made  until  the 
mark  does  not  change  its  relative  position  at  each  revolution  of  the  mov- 
ing element  of  the  rotating  standard.  The  revolutions  of  the  moving 
element  of  the  meter  under  test  and  of  the  standard  will  then  coincide  in 
the  proper  ratio. 

The  load  device  usually  employed  with  the  Philadelphia  Electric 
method  is  described  in  Chapter  IX. 

Any  rotating  standard  may  be  readily  adapted  for  use  with  the  Phila- 
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delphia  Electric  method  by  equipping  it  with  binding  posts  and  con- 
tacts. One  of  the  methods  employed  is  shown  diagrammatically, 
as  applied  to  a  rotating  standard  of  the  Fort  Wayne  Electric  Works  in 
Fig.  310, 

Two  small  %  inch  brass  binding  posts   (,A   and  A,)   arc  placed  on  the 
lop  plate  of  the  rotating  standard  for  connecting  the  head-type  telephone 


is  very  small  and  i 
.5  volt  cells  used  i 


The  current  for  operating  the  telephor 
obtained  from  one  small  dry  cell   (B),  \ 
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flash  lamps,  which  is  usually  fastened  to  the  lower  part  of  the  frame  of 
the  rotating  standard.  A  small  discarded  dry  cell  will  serve  the  purpose 
and  will  last  almost  indefinitely  without  renewal. 

A  sensitive  telephone  receiver  having  a  resistance  of  about  70  ohms 
should  be  employed.  A  convenient  type  to  use  is  one  provided  with  a 
head  band,  and  usually  known  as  a  head  type  telephone  receiver. 

The  principal  contact  making  device  consists  of  a  small  one-pin  com- 
mutator (C)  soldered  or  otherwise  fastened  to  the  shaft  of  the  moving 
element,  which  makes  a  wiping  contact,  at  each  revolution,  with  the  phos- 
phor-bronze wire  brush  {D).  This  brush  is  secured  at  one  end  to 
an  adjustable  screw  (£)  and  this  in  turn  is  connected  to  the  binding  post 
{Ax),  The  adjustable  screw  turns  into  an  insulated  bushing  (F)  made 
of  fiber  which  is  fastened  to  the  top  plate  of  the  rotating  standard  in  the 
manner  indicated  in  the  figure. 

The  brush  (Z>)  is  then  adjustable  in  two  horizontal  directions,  in  and 
out,  by  means  of  the  adjustable  screw  (£),  and  on  a  .radius  by  means 
of  the  fiber  bushing  (F). 

One  side  of  the  dry  cell  is  connected  to  the  other  binding  post  {A)  and 
the  opposite  side  of  the  cell  grounded  to  the  frame  {G.)  The  shaft 
of  the  moving  element  of  the  rotating  standard  usually  makes  sufficient 
contact  through  the  gearing,  etc.,  to  operate  the  telephone  receiver,  but  to 
insure  a  positive  contact,  an  additional  wire  brush  (f/)  may  be  grounded 
to  the  frame,  and  allowed  to  rest  against  the  shaft. 

At  each  revolution  of  the  moving  element  of  the  rotating  standard, 
therefore,  the  battery  circuit  is  completed  through  the  telephone  re- 
ceiver, wiping  contacts  and  frame  of  the  meter,  thus  transmitting^  a 
sharp  signal  to  the  ear  of  the  tester. 

The  commutator  pin  and  contact  points  on  the  wire  brushes  are 
made  of  platinum.  In  making  the  commutator  pin,  a  1^  inch  piece 
of  platinum  is  used,  and  it  is  filed  in  the  form  of  a  V,  thus  making  a 
knife  edge.  The  contact  points  on  the  wire  brushes  are  made  of  iV 
inch  platinum  wire  about  f^  of  an  inch  long,  the  tips  of  which  arc 
somewhat  tapered. 

In  the  adjustments  of  the  contact-making  devices,  the  position  of 
the  make  and  break,  contact-making,  wire  brush  is  varied  in  position, 
depending  on  the  uses  to  which  the  rotating  standard  is  put.  For 
some  purposes  a  very  sharp  click  in  the  head-type  telephone  is  de- 
sired. Under  these  conditions  the  contact-making  wire  brush  is 
adjusted  at  right  angles  to  the  shaft,  and  when  locked  in  position  the 
commutator  pin  very  lightly  touches  the  brush  at  each  revolution. 

For  other  purposes  it  is  especially  desirable  to  have  a  longer  con- 
t.    Then  adjustments  are  made  so  that  the  commutator  pin  lightly 
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touches  the  contact-making  wire  brush  at  a  tangent,  under  which 
conditions  a  slightly  longer  contact  is  obtained. 

After  adjustments  have  been  made,  the  lock  nut  on  the  adjustable 
screw,  is  clamped  securely.  The  additional  friction  introduced  into 
the  mechanism  of  the  rotating  standard  is  practically  negligible. 

It  frequently  happens  that  large  capacity,  continuous  current  wall- 
hour  meters  are  installed  to  measure  the  energy  consumed  in  a  cir- 
cuit, the  load  on  which  is  continually  fluctuating  to  such  an  extent 
that  it  is  desirable,  with  the  usual  method  of  testing,  to  make  use 
of  an  artificial  load  when  testing  the  meter.  A  meter  installed  on 
a  street  railway  circuit  is  an  example  of  this  type  of  installation. 
With  the  exception  of  the  Sangamo  mercury  flotation  meter,  it  is 
generally  not  desirable  to  use  the  ordinary  type  of  shunt  in  connec- 
tion with  the  continuous  current  rotating  standards,  and  as  rotating 
standards  are  not  made  much  in  excess  of  100  amperes  capacity, 
their  use  is  prohibited  for  testing  watt-hour  meters  of  1,000  amperes 
capacity,  or  over,  by  the  usual  methods.  In  such  cases  the  Wheat- 
stone  bridge  method  of  testing  watt-hour  meters  by  means  of  a  rotat- 
ing standard  is  applicable. 

If,  then  a  shunt,  or  rather  a  number  of  resistances,  arc  arranged  in 
the  form  of  a  Wheatstone  bridge,  and  the  rotating  standard  inserted  in 
one  of  the  legs  of  the  bridge,  excellent  results  may  be  obtained  with  a 
rotating  standard  of  moderate  capacity,  say  40  or  50  amperes,  and  using 
the  consumer's  load.      • 

In  practice,  the  circuits  are  arranged  as  shown  in  Fig.  311.  The 
apparatus  consists  primarily  of  a  compound  shunt  A,  consisting  of  two 
manganin  shunts  with  a  common  terminal  at  one  end,  and  individual 
terminals  at  the  other  en<ls.  The  larger  shunt  should  be  designed  to 
carry  the  maximum  load  that  the  watt-hour  meter  circuit  carries,  as 
for  example,  2,000  amperes.  The  smaller  shunt  is  always  designed 
for  the  full  load  capacity  of  the  rotating  standard,  that  is,  say  40 
amperes. 

The  resistance  element  of  this  compound  shunt  is  preferably  made 
of  mang^anin,  as  it  has  a  negligible  temperature  coefficient,  and  the 
thermoelectric  effect  is  very  small.  The  full  load  drops  in  potential 
across  each  leg  of  the  shunt  should  be  not  less  than  100  millivolts.  This 
compound  shunt  composes  two  legs  of  the  bridge,  and  for  the  other  two 
legs,  recourse  is  had  to  the  fixed  resistance  B,  for  the  third  leg,  and 
the  rotating  standard  and  resistances  C  and  D  for  the  fourth  leg.  Re- 
sistance B  is  preferably  made  of  manganin,  and  the  same  in  form  and 
capacity  as  the  main  shunt  in  A,  with  a  full  load  drop  in  potential  of 
approximately  0.40  volts. 
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The  resistance  D  may  be  a  carbon  compression  rheostat,  or  any  other 
low  resistance,  adjustable  rheostat,  and  is  used  in  multiple  with  C,  which 
is  a  flat  strip  of  any  zero  temperature  coefficient  metal,  to  adjust  the 
resistance  of  the  fourth  leg  to  the  bridge  to  such  a  value  that  the  g^alvan- 
ometer  connected  across  the  terminals  of  the  compound  shunt  shall  read 
zero.  Since  the  resistances  of  the  two  legs  of  the  compound  shunt  arc 
constant,  and  have  a  certain  fixed  ratio,  it  is  obvious  that  when  the  gal- 
vanometer reads  zero,  the  current  values  in  the  two  legs  of  the  shunt  also 


PoTtNTiAL  Switch 


Fig.  311. — Diagram  of  Connections  for  the  Wheatstone  Bridge  Method  of  Watt-hour  Meter 

Testing. 


have  a  certain  fixed  ratio.  As  all  the  current  that  passes  through  the 
smaller  of  the  two  shunts  also  passes  through  the  rotating  standard,  it  is 
evident  that  as  long  as  the  galvanometer  is  at  zero,  measurement  is  being 
made  of  a  certain  fixed  proportion  of  the  total  current  passing  through 
the  watt-hour  meter  that  is  under  test.  For  example,  if  2,000  amperes  in 
the  larger  shunt  balances  40  amperes  in  the  smaller  shunt,  the  rotating 
standard  will  receive  ^Vi^  of  the  total  current  or  one  part  in  51, 
and  this  latter  ratio  may  be  used  as  a  multiplying  factor  for  the  readings 
of  the  rotating  standard. 

The  various  resistances  of  the  Wheatstone  bridge  connections  will 
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remain  constant  with  the  exception  of  the  fourth.  This,  owing  to  the 
temperature  coefficient  of  the  copper  in  the  fields  of  the  rotating  standard, 
may  vary  slightly.  This,  however,  is  a  gradual  change  and  is  readily 
taken  care  of  by  the  adjustable  resistance  D,  hence  it  does  not  matter  in 
practice  how  much  the  current  in  the  main  line  may  fluctuate,  as  it  is 
always  possible  to  keep  the  galvanometer  at  zero. 

It  is  essential  that  the  current  leads  to  the  rotating  standard  be  of 
low  resistance  in  order  to  keep  the  resistance  B  as  low  as  practicable,  and 
they  should  be  from  10  to  15  feet  long  in  order  that  the  rotating  stand- 
ard may  be  placed  so  as  to  avoid  stray  fields,  as  much  as  possible.  For 
the  latter  reason  reversed  readings  on  the  rotating  standard  should  always 
be  taken  and  the  results  averaged. 

The  method  of  testing  watt-hour  meters  by  means  of  calibrated 
resistances  is  a  modification  of  the  indicating  instrument  method, 
whereby  the  value  of  the  resistance  used  as  load  in  testing  is  used  in 
connected  and  utilized  in  a  manner  similar  to  any  artificial  testing  load, 
on  the  meter  in  watts.  The  apparatus  used  are  a  resistance  of  known 
and  constant  value,  an  indicating  voltmeter  and  a  stop  watch.  Cali- 
brated resistances  used  for  this  purpose  are  described  in  Chapter  IX. 

In  testing  watt-hour  meters  with  a  calibrated  resistance,  the  resistance  is 
connected  and  utilized,  in  a  manner  similar  to  any  artificial  testing  load 
except  that  care  must  be  exercised  in  the  voltmeter  connections  which 
must  not  only  indicate  the  voltage  applied  to  the  meter  but  also  to  the 
cable  terminals  of  the  resistance.  As  the  internal  resistance  of  continuous 
current  voltmeters  is  very  high,  the  current  taken  by  the  voltmeter  may 
be  ignored  for  all  loads  in  excess. of  one  ampere;  for  loads  less  than  one 
ampere,  the  voltmeter  should  either  be  connected  to  the  load  side  of  the 
watt-hour  meter  or  the  current  taken  by  the  voltmeter  allowed  for.  For 
loads  in  excess  of  one  ampere  the  drop  in  the  watt-hour  meter  fields  en- 
ters as  a  factor,  depending  upon  the  point  of  connection  of  the  watt-hour 
meter  potential  circuit.  If  its  potential  circuit  is  connected  to  the  load 
side  of  the  watt-hour  meter,  the  voltmeter  should  also  be  connected  at 
this  point,  and  then  no  error  will  be  introduced.  If  the  potential  circuit 
is  connected  to  the  service  side  of  the  watt-hour  meter,  and  the  voltmeter 
is  also  connected  at  that  point,  allowance  should  be  made  for  the  drop 
in  the  watt-hour  meter  fields  when  computing  the  wattage  consumed  by 
the  resistances. 

For  the  purpose  of  facilitating  the  use  of  the  calibrated  resistance,  a 
set  of  tables  may  be  compiled  as  follows,  Figs.  312  and  313.  First,  a  table 
showing  the  watts  for  each  half  volt  for  each  of  the  different  combina- 
tions in  the  calibrated  resistance,  that  may  be  used.  This  table  is  onl} 
used  when  watt-hour  meters  are  tested  for  which  no  special  table  ha; 
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been  compiled.  Second,  a  table  for  each  of  the  various  test  constants 
that  may  be  met  with.  These  tables  should  show  for  each  half  volt  cor- 
rect time  in  seconds  for  a  given  number  of  revolutions.  The  table  may 
also  show  if  desired  the  load  in  amperes,  or  watts.  For  example,  with 
a  meter  having  a  watt-hour  constant  of  0.5,  and  the  voltage  being  110.5. 
the  meter  should  make  10  revolutions  in  32.4  seconds  with  one  22  ohm 
unit  connected,  and  one  revolution  in  34.5  seconds  with  one  234  ohm  unit. 
It  should  be  noted  that  in  computing  percentage  of  accuracy  the  correct 
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Fig.  313. -Table  of    Watt; 
Load  at  Varioias  Vclta^ts. 


time  should  be  divided  by  the  actual  time,  as  the  watts  recorded  by  the 
meter  are  inversely  proportional  to  the  time  in  seconds. 

The  preferable  method  of  calibrating  a  resistance  is  to  apply  to  its  ter- 
minals, the  full  line  voltage  for  which  the  resistance  is  designed  and 
measure  the  current  with  a  millivoltmeter  and  shunt  for  the  applied 
voltage  at  the  cable  terminals.  In  practice  it  will  be  found  necessary  to 
do  this  at  only  one  point  as,  for  example,  no  volts,  and  any  change  in 
the  resistance  will  be  readily  detected  by  the  millivoltmeter  readings, 
l^'or  the  purpose  of  dbtaining^  (he  correct,  or  <lesired  voltage,  a  rheostat 
of  small  range  placed  in  series  with  the  load  box  is  advantageous.  All 
connections  should  be  so  made  that  the  voltmeter  current  is  measured  by 
the  millivoltmeter  and  allowance  made  for  the  <ame. 
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The  adjustments  to  correct  errors  in  the  full  load  units  may  be  made 
by  a  slider  and  for  the  small  load  units  by  the  addition  of  small  resistance 
buttons.  The  resistances  if  well  designed,  are,  however,  very  stable  and 
seldom  need  adjustment,  though  a  weekly  check  should  always  be  made. 

The  earliest  forms  of  calibrated  resistances  consisted  of  banks  of  sea- 
soned and  calibrated  incandescent  lamps  which  were  subject  to  disadvan- 
tages arising  from  their  bulk,  liability  to  breakage,  and  variations  in  re- 
sistance due  to  overload. 

In  the  latest  forms  of  calibrated  resistances,  resistance  units  composed 
of  zero  temperature  coefficient  metal,  capable  of  carrying  their  rated  watts 
continuously  without  change  in  resistance,  and  unaffected  by  repeated 
heating  and  cooling,  are  employed.  The  units  are  constructed  to  be  im- 
mune from  easy  accidental  damage  and  are  mounted  in  a  protecting  box 
or  frame  with  suitable  switches  for  connecting  the  various  ranges  in  cir- 
cuit.    The  switches  must  have  a  negligible  contact  resistance. 

Where  it  is  desired  to  .avoid  the  use  of  corrections,  a  convenient  and 
reliable  means  of  adjusting  the  resistances  should  be  provided,  in  which 
case  the  resistances  will  be  readjusted  whenever  found  in  error  in  the 
periodic  checks. 

The  connecting  leads  are  a  part  of  the  calibrated  resistance,  and  should 
be  maintained  in  perfect  condition. 

The  calibrated  resistance  method  can  be  used  on  continuous  and  alter- 
nating current  system*?.  For  alternating  current  tests,  the  resistances 
should  he  non-inductively  wound. 

The  accuracy  with  which  the  load  is  determined  is,  assuming  the  re- 
sistance to  be  correct,  dependent  only  on  the  accuracy  of  the  voltmeter, 
but  it  should  be  borne  in  mind  that  a  given  percentage  error  in  cali- 
brating or  in  reading  the  voltmeter  affects  both  the  voltage  and  the  cur- 
rent, and  therefore  produces  double  the  percentage  error  in  the  watts. 

Personal  errors  affect  the  results  obtained  with  different  standards  in 
somewhat  different  ways  and  to  somewhat  different  extents.  With  prac- 
tice, the  personal  error  of  an  observer  tends  to  become  constant,  so  that 
if  It  is  large  it  can  be  determined  and  corrected  for.  In  some  important 
cases,  as  for  example,  timing  a  meter  with  a  stop  watch,  a  constant  per- 
sonal error  may  annul  itself  and  not  enter  into  the  final  result. 
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CHAPTER   IX 
Auxiliary  Equipment  for  Testing  Consumers*  Watt- hour  Meters 

Suitable  equipment  for  testing  watt-hour  meters  in  addition  to  the 
standards  should  be  provided  in  order  that  the  work  may  be  per- 
formed in  the  most  accurate  and  efficient  manner  possible.  For 
testing  meters  in  service  this  apparatus  must  be  portable  and  may 
differ  in  type  from  that  used  in  the  shop,  which  has  already  been 
described.  It  is  advisable  that  central  station  companies  provide 
all  equipment  in  order  that  .it  may  be  of  a  character  best  suited  for 
the  different  lines  of  work.  The  company  should  take  pains  to 
maintain  the  equipment  in  good  condition,  as  a  well-kept  and  neat- 
appearing  outfit  is  conducive  to  better  work  on  the  part  of  the  tester 
and  will  increase  the  confidence  of  the  consumer  whose  meter  is 
being  tested  in  the  accuracy  and  carefulness  of  the  company's  meth- 
ods. It  should  be  the  duty  of  the  foreman  to  see  that  each  tester's 
equipment  is  kept  intact  and  up  to  the  grade  established  by  the  man- 
agement, and  the  duty  of  the  tester  to  report  faults  and  deficiencies 
which  may  develop  in  his  equipment. 

Although  a  meter  can  be  tested  on  the  consumer's  load,  and  in 
some  cases  this  may  be  desirable,  the  use  of  portable  loading  devices 
is  advantageous  in  that  it  furnishes  a  ready  means  of  testing  the 
meter  at  various  loads  and  also  prevents  annoyance  to  the  consumer. 

The  following  means  are  available  for  obtaining  loads  for  testing: 

The  consumer's  load. 

A  portable  lamp  bank. 

A  load  box  constructed  of  suitable  low  temperature 

coefficient  resistance  material. 
A  water  rheostat. 
\  portable  storage  battery. 
A  step-down  transformer  from  tlie  secondary  circuit 

of  which  the  testing  current  is  taken. 

Lamp  banks  are  operated  at  the  line  voltage  and  can  be  made  up  of 
a  number  of  fiat  base  lamp  sockets  securely  fastened  to  a  suitable 
carrying  frame,  generally  made  of  wood  in  the  shape  of  a  rectangulai 
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box  with  open  sides,  the  inside  being  covered  with  asbestos.  The 
sockets  are  placed  inside,  as  this  arrangement  affords  protection  to 
the  lamps  during  transportation.  The  lamps  are  arranged  in  certain 
groups,  and  switches  are  provided  to  cut  in  any  number  of  latnps  in 
steps  of  one,  from  a  single  lamp  to  the  full  capacity  of  the  bank. 
Owing  to  its  large  size  and  the  excessive  breakage  of  latnps,   the 
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Electric  Company. 

lamp  liank,  formerly  much  used  as  a  portable  unit,  has  been  largely 
superseded  by  the  load  box  or  meter  testing  rheostat. 

General  Electric  watt-hour  meter  testing  rheostats  (Fig».  314  and 
315)  furnish  a  very  convenient  load  for  meter  testing.  The  switches 
and  resistances  are  designed  to  give  loads  varying  from  one-half  of 
an  ampere  to  the  full  load  rating  of  the  rheostats,  in  half-ampere 
steps.  Each  switch  is  marked  with  the  value  of  the  load  which  it 
controls.  Suitable  binding  posts  are  provided  into  which  the  line 
wires  are  inserted  and  fastened  by  set  screws.  The  resistance  units 
furnished  with  the  15  ampere  rheostat  are  cylindrical  in  shape  and 
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a.re  securely  fastened  to  the  base  of  the  box  and  reinforced  by  a 
small  brass  rod  which  passes  through  their  center  and  prevents 
buckling  due  lo  extreme  ■  heat.  Flat  units  made  of  the  same  material 
are  furnished  with  Ihe  30  anipere  rheostat  and  are  made  in  this  form  in 
order  to  economize  space. 

The  resistance  metal  is  non-corrosive  and  has  a  very  low  tempera- 
ture coefficient.  It  is  wound  on  a  fireproof  body  and  the  complete 
unit  is  covered  with  a  protecting  compound  which   will   not   crack 


and  peel  off,  nor  will  it  melt  and  run  like  enamel,  but  will  become 
harder  when  subjected  to  high  temperatures.  As  the  units  have  a 
negligible  temperature  coefficient,  the  load  remains  steady  as  the 
resistance  heats  up,  thus  permitting  the  rheostat  to  be  used  with 
satisfactory  results  in  testing  meters  when  portable  indicating  in- 
struments are  used.  The  inductance  of  the  units  is  also  negligible, 
therefore  the  device  can  be  used  interchangeably  on  continuous  or 
alternating  current  circuits.  They  are  made  in  two  sizes;  a  15  am- 
pere, no  volt  to  120  volt  rheostat,  which  is  14  by  7'/^  by  1%  inches 
in  size  and  weighs  7  pounds;  and  a  30  ampere,  no  volt  to  120  volt 
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rheoslat  which  is  12%  by  7Vi  by  4%  inches  in  size  and  weighs  14 
pounds. 

These  meter  testing'  rheostats  are  manufactured  by  the  General 
Electric  Company,  of  Schenectady,  N.  Y. 

The  load  box  of  The  United  Electric  Light  &  Power  Company,  of 
New  York  (Fig.  316),  has*a  capacity  of  2.300  walls  at  230  volts  in 
steps  of  Vz,  I,  I,  1,  I,  3  and  3  amperes,  and  is  a  modilicaiion  of  tlie 
standard  General  Electric  load  box.  The  case  is  made  of  aluminiiiti 
No.  16  gauge.  A  tool  box  4%  by  yVt  by  12  inches,  also  of  aluininuni, 
is  arranged  to  be  readily  attached  to  the  box  and  forms  one  of  the 
covers  of  it.    The  method  of  attachment  consists  of  a  projecting  IJp 
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on  the  box  which  engages  in  a  slot  at  the  bottom  of  the  resistance 
box.  A  hook  at  (he  top  of  the  box  holds  it  firmly  to  the  tool  case. 
The  dimensions  of  the  box  are  7^4  by  87.  by  12%  inches  and  it 
weighs  2a'/s  pounds.  The  handle  of  the  tool  case  is  arranged  to 
engage  with  hooks  on  the  handle  of  the  load  box,  and  this  brings 
the  handle  over  the  center'  of  gravity  when  the  two  arc  carried 
together.  The  simplicity  of  the  fastening  and  general  arrangement 
is  such  that  (he  load  box  can  be  set  up  ready  for  connections  and 
the  tool   box  opened  in  a  very  short  space  of  time. 

Ward  Leonard  watt-hour  meter  testing  rheostats  <Fig.  317).  are 
operated  at  the  line  voltage,  and  as  they  are  non-indiictivc,  they  can  Ik' 
used  interchangeably  on  continuous  or  alternating  current  circuits.  The 
Is  are  fireproof,  strong,  light,  and  well  protected  by  a  nieial 
1  which  affords  ample  heat  radiation. 
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The  resistance  elements  are  built  up  of  standard  Ward  Leonard 
enameled  resistance  units  which  are  fastened  to  the  face  plate.  The 
face  plate  and  resistance  units  can  be  taken  out  easily,  and  the  dif- 
ferent units  replaced  in  case  of  injury.  The  various  ampere  steps  or 
combinations  are  obtained  by  paralleling  the  several  resistance  com- 
binations by  suitable  switches. 

Stock  rheostats  are  made  in  the  following  sizes: 


Amperes 

Volts 

Steps  or  Ampere  Divisions 

Dimensions 

Approx.  Weight 

5 

120 

54  Amp. 

5X    5X9 

8 

ID 

120 

^ 

5X    8X9 

10 

15 

120 

54 

5  X  10  X  9 

II 

20 

no 

/2 

5  X  12X9 

13 

23-5 

no 

Ka 

5  X  14  X  9 

14 

S 

220 

^ 

5X    8X9 

10 

10 

220 

/2 

5  X  12X9 

13 

15 

220 

/2 

5X20X9 

18 

20 

220 

/2 

5  X  24  X  9 

22 

Combination  no  volt  and  220  volt  rheostats  giving  24  amperes  in 
Vz  ampere  steps  on  no  volts,  and  12  amperes  in  %  ampere  steps  on 
220  volts  are  also  carried  in  stock.  These  are  7  by  15  by  9  inches 
and  weigh  approximately  16  pounds. 

These  meter  testing  rheostats  are  manufactured  by  the  Ward 
Leonard  Electric  Company,  of  Bronxville,  N.  Y. 

Cutler-Hammer  watt-hour  meter  testing  rheostats  (Fig.  318)  arc 
operated  at  the  line  voltage,  and  as  they  are  non-inductive,  they  can  be 
used  interchangeably  on  continuous  or  alternating  current  circuits. 

They  are.  made  up  of  flat  fireproof  units,  the  whole  being  sur- 
rounded by  a  metal-protecting  screen  which  also  affords  heat  radia- 
tion. Suitable  switches  are  provided  for  placing  the  various  resist- 
ance units  in  circuit,  and  each  switch  is  marked  with  the  value  of 
the  load  which  it  controls.  The  plate  on  which  the  switches  are 
mounted  is  made  of  asbestos  lumber.  This  permits  using  the  rheo- 
stat at  high  temperatures  without  cracking.  It  is  provided  with  folding 
feet,  one  of  which  may  be  turned  up  and  used  as  a  carrying  handle. 
The  rheostat  must  never  be  used  except  when  in  a  horizontal  posi- 
tion, which  permits  free  radiation  through  the  units.  Current  should 
be  switched  off  between  observations,  but  if  due  to  high  voltage  or 
long  tests,  the  units  should  become  dull  red,  no  immediate  damage 
is  to  be  expected. 

The  rheostats  are  manufactured  by  the  Cutler-Hammer  Manufac- 


462 


ELECTRICAL  METERMAN'S  HANDBOOK 


turing  Company,  of  Milwaukee,  Wis.,  and  are  listed  in  the  following 
sizes: 


DIME^ 

1 

JSIONS 

FOL 

1 
) 

Volts 

"5 

1 

Min. 
Amp. 

• 

Max. 
Amp. 

Amp. 
Steps 

Number 
Switches 

BED 

Open 

Approx- 
imate 
Weight 

Top 

Area 

1 

Height 

Top 
Area 

7x8 

Hmght 

.5 

7.5 

•5 

5 

5x7 

9 

7 

8  lbs. 

115 

.5 

20 

.5 

6 

5XU 

15 

lOXII 

9 

14  lbs. 

"5 

and 

.25 

20 

.«, 

6 

1     «« 

II 

II 

II 

II 

230 

.25 

10 

.25) 

600 

.5 

4 

•5 

4 

i< 

II 

11 

11 

(( 

115 

.5 

50 

•5 

8 

5x13 

19 

18x13 

19 

30  lbs. 

"5 

and 

.25 

50 

-5> 

8     ' 

41 

11 

II 

II 

It 

230 

.25 

25 

1 

1 

600 

.5 

10 

•5 

6     ! 

11 

It 

II 

li 

II 

230 

.5 

25 

•25 

7     1 

II 

11 

II 

11 

<i 

115 

and 

.25 

40 

7 

i( 

11 

11 

II 

II 

230 

.25 

20 

7 

11 

11 

II 

II 

26  lbs. 

115 

1 

.5 

40 

•5 

1 

7 

11                             II 

1 

11 

11 

II 

The  load  box  of  the  Philadelphia  Electric  Company  (Fig.  319)  has 
a  capacity  of  2,100  watts,  and  is  arranged  for  use  on  no  or  220  volt 
circuits.  The  units  are  non-inductive  and  they  may  be  used  inter- 
changeably on  continuous  or  alternating  current  circuits.  In  place 
of  binding  posts,  special  spring  contacts  are  used  in  conjunction  with 
a  plug  terminal  similar  to  a  cartridge  fuse,  thus  minimizing  the  pos- 
sibility of  a  short  circuit.  The  plugs  serve  as  terminals  to  which  the 
extra  flexible  leads  are  connected.  The  box  is  provided  with  spring 
contacts  on  each  end  for  two  plug  terminals.  When  these  terminals 
are  inserted  in  the  contacts  at  one  end,  the  box  is  adapted  for  use 
on  a  no  volt  circuit,  and  when  inserted  at  the  other  end,  for  a  220 
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volt  circuit.  The'lype  C  and  D  General  Electric  Company  resist; 
units  are  used;  they  are  light  weight  and  tubular  and  are  of  the 
lowing  capacities: 
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Two  50  watt,  two  100  watt  and  four  450  watt  units. 

They  are  connected  to  four  small  multipoint  switches  so  that 
combinations  desired  may  be  readily  obtained.  The  units  are  so 
connected  that  the  switches  may  be  set  for  light  loads  and  heavy 
loads  independently.  On  the  arbor  of  each  switch  is  mounted  a 
pointer  that  indicates  on  a  scale  marked  on  the  end  plate.  The  con- 
nections of  the  box  may  be  arranged  by  means  of  these  switches, 
so  as  to  give  the  proper  loads  for  testing  any  meter  within  the  range 
of  the  capacity  of  the  box.  This  may  be  done  simply  by  moving  the 
multipoint  switches,  so  that  the  pointers  on  the  switches  indicate 
the  desired  value.  The  flexible  leads  used  to  connect  the  box  to  the 
circuit  consist  of  separate  cables  for  light  and  heavy  loads.  The 
load  box  may  be  connected  in  circuit  with  the  rotating  standard,  or 
instrument  shunt,  so  that  the  light  load  and  heavy  load  will  be  on 
different  ranges  of  the  standard.  The  frame  is  constructed  of  stiff 
aluminum  plates,  between  which  are  mounted  the  resistance  units; 
the  whole  being  held  together  by  thin-walled  enameled  steel  tubes 
securely  bolted  to  the  end  plates.  On  the  end  plates  are  mounted 
the  switches  and  connecting  contacts.  The  load  box  is  provided  with 
a  detachable  tool  case,  12  by  6  by  2%  inches,  which  is  attached  to  the 
frame  with  small  split  hinges  and  trunk  clamps.  When  in  use  the 
tool  case  is  detached  and  the  load  box  is  placed  in  a  horizontal  posi- 
tion to  facilitate  heat  radiation.  The  load  box  may  be  used  with  or 
without  the  tool  case,  as  desired.  The  weight  without  tool  case  is 
7  pounds  and  7  ounces,  and  with  tool  case  is  8  pounds  and  10  ounces. 
The  size  is  12  by  9  by  6  inches  without  tool  case,  and  with  tool  case 
the  over-all  dimensions  are  I4y2  by  12  by  9  inches.  The  weight  com- 
plete with  a  full  set  of  tools  is  from  12  to  15  pounds. 

This  load  box  can  be  obtained  from  the  Eastern  Specialty  Com- 
pany, of  Philadelphia,  Pa.  ' 

The  calibrated  resistance  used  by  the  Edison  Electric  Illuminating 
Company,  Boston,  Mass.,  is  described  below  (Fig.  320)  : 

The  very  low  temperature  coefficient  feature  of  special  resistance 
units  which  permits  their  carrying  their  rated  load  continuously 
without  appreciable  change  in  the  resistance,  or  effect  due  to  re- 
peated heating  or  cooling,  makes  it  possible  to  use  them  as  a  cali- 
brated resistance.  The  calibrated  resistance  that  is  used  as  the  load 
consists  of  a  number  of  units  combined  in  one  frame  or  carrier. 
The  frame  is  constructed  of  hard  black,  fiber  pieces,  between  which 
are  mounted  the  resistance  units,  the  whole  being  held  together  by 
brass  rods  bolted  to  the  end  pieces.  These  units  may  be  constructed 
of  bare  resistance  metal  or  preferably  of  some  of  the  commercial 
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resistance  units  now  on  the  market.     In  either  case  the 

itself  must  be  of  zero  temperalure  coefficient,  and,  if  il  is  to  be  used  □ 

alternating  current,  must  be  so  mounted  as  to  have  a  negligible  it 


310.— ColibrHtcd  Resistance  uied  by  the  Ediic 


isists  lit  four  Linits,  two  having  a  resistance  of 
aiiproximately  220  ohms  each  and  two  a  resistance  of  22  ohms  each. 
By  means  of  suitable  switches  these  units  may  he  t:r.nneclc<l  in  nuil- 
liplc  or  scries,  anil  the  following  loads  obtained: 
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no  volts 
Load  in  watts 

220  volts 

Load  in  watts 

25 

100 

50 

1,000 

ICX) 

250 

500 

1,000 

The  22  ohm  unit  is  composed  of  two  resistance  tubes  of  approxi- 
mately 10  ohms  each,  with  an  additional  resistance  of  bare  wire  in- 
serted in  series  with  them,  to  make  up  the  22  ohms,  and  also  to  act 
as  a  means  of  adjustment. 

The  220  ohm  unit  is  composed  of  one  resistance  tube  and  the 
necessary  adjustment  is  made  by  the  addition  of  a  disk  of  the  neces- 
sary resistance  value.  While  it  is  not  necessary  that  the  units 
should  be  of  exactly  22  and  220  ohms  resistance,  they  should  be  made 
to  conform  to  some  standard  for  two  principal  reasons. 

First:  Where  more  than  one  resistance  is  used  there  will  be  no 
chance  of  error,  due  to  the  tester  using  the  watt  values  applying^  to 
some  other  resistance. 

Second:  Only  one  set  of  calibrating  cards  is  necessary  for  all  the 
resistances   (Fig.  312). 

The  switch  contacts  are  of  so  low  a  resistance  compared  with  the 
rest  of  the  circuit  that  any  errors  due  to  poor  contacts  are  negligible. 
The  switches  should  be  mechanically  rugged,  however,  as  being  ex- 
posed, they  are  necessarily  subjected  to  more  or  less  abuse. 

The  two  cables  connecting  the  resistance  box  to  the  watt-hour 
meter  under  test  should  be  made  of  not  less  than  65  strands  of  No. 
30  B.  &  S.  gauge  copper  wire,  as  continual  use  breaks  some  of  the 
strands,  and  while  this  does  not  seriously  affect  the  carrying  capacity 
of  the  cable,  the  resultant  change  in  the  resistance  on  a  cable  of  a 
smaller  number  of  strands  may  cause  an  appreciable  error. 

This  load  box  can  be  obtained  from  the  Lundin  Electric  Manu- 
facturing Company,  Boston,  Mass.,  and  is  gV2  by  7  by  5%  inches  in 
size  and  weighs  about  4J^  pounds. 

The  load  resistance  and  case  used  by  the  Edison  Electric  Illuminating 
Company  of  Boston  (Fig.  321)  has  a  capacity  of  60  amperes  at  113  volts. 
The  weight  of  the  four  sections  of  resistance  is  3.5  pounds;   the  weight 
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e  alone  is  2%  pounds ;  the  combined  weight  is  6'^  pounds  and  the 

s  of  the  case  are  12^4  by  12I4  by  isVi  inches. 

Water  rheostats  are  operated  at  the  line  voltage,  and  have  been  used 

successfully   for  obtaining  large  currents  for   testing   watt-hour  meters. 

They  may  be  'used  inlerchangeably  on  continuous  or  alternating  current 


circuils.  A  water  rheostat  giving  current  up  to  150  amperes  can  be  made 
with  a  wooden  tank  having  a  reccplacle  on  one  side,  which  supports  a 
half-inch  brass  goose-necked  tube  carrying  a  reel  for  rai,«ing,  or  lowering, 
the  plates  into  the  tank  lo  obtain  different  loads.  The  plalcs  arc  suspended 
at  the  end  of  a  cord   which  passes  through  the   tube  and  is   fastened  to 
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these,  with  the  leads,  ct  cetera,  can  be  placed  inside  the  tank,  thm 
making  it  very  convenient  for  transportation.  The  tank  used  for 
this  rheostat  is  i8  by  14V4  by  8'/i  inches,  and  with  the  plates  and 
supporting  rod  weighs  26Vi  pounds.  The  plates  are  separated  about 
one-half  inch  by  means  of  hard  rubber  or  fiber  bushings  and  are 
held  together  by  rubber  fittings  or  bolts.  Lead  or  steel  sheets  can 
be  used  in  making  up  the  plates;  however,  the  weight  will  be   less 


Pic,  3Ja,— Wster  RhemUt  used  by  the  Commonwoalth  Ediion  Company. 

when  sled  is  used,  for  when  they  are  made  of  lead,  heavier  stock  is 
ri'fjuired  in  order  to  give  the  plates  sufficient  stiffness.  This  same 
type  of  rheostat  has  been  made  in  a  larger  size  to  give  currents  up 
III  500  amperes  for  a  period  of  a  minute   (Fig,  322). 

Another  form  of  water  rheostat  consists  of  an  ordinary  fiber  wash- 
lub  (Fig.  323),  in  which  the  plates  are  mounii'J  on  a  rod  passing 
through  it  in  such  a  manner  that  (he  distance  between  them  can 
be  regulated  by  means  of  a  screw  adjustment  to  obtain  different 
loads.  This  rheostat  has  a  capacity  of  250  amperes.  Il  has  sufficient 
room  for  storing  leads,  special  connectors,  ct  cetera,  during  transpor- 
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tation.  The  cover  is  provided  with  legs,  and  when  removed  it  can  be 
used  as  a  table  or  bench  for  instruments.  Water  with  a  little  com- 
mon salt  is  the  solution  used  with  these  rheostats,  and  after  the  com- 
pletion of  the  test,  it  is  thrown  out  and  the  rheostat  filled  again  at 
the  next  stop.  It  is  well  to  have  these  rheostats  equipped  with  fuse 
protection,  and  suitable  terminals  provided  for  the  line  wires. 

In  the  use  of  water  rheostats  care  should  he  exercised  to  see  that  an  ab- 
normal load  is  not  put  upon  the  consumer's  service  fuses,  and  it  is 
advisable  in  many  cases  to  reinforce  these  temporarily  during  the 
test. 

The  Btoiage  battery  is  a  very  economical  loading  device  for  test- 


Fio.  Jii.— W«er  Rheoatal  used  by  the  PbJladelphU  Eleclrig  CompRny. 

Ing  large  capacity  watt-hour  meters,  in  that  the  testing  may  be  done 
with  the  expenditure  of  very  little  energy,  and  it  has  the  additional 
advantage  that  there  is  no  overloading  the  mains  and  fuses,  so  thai 
Ihc  possibility  of  interrupting  the  consumer's  service  is  lessened. 
The  ordinary  types  of  lead  batteries  (Fig.  324)  may  be  used  for  this  work, 
but  the  new  Edison  battery  is  better  adapted  for  use  as  a  portable  unit. 
The  Edison  storage  battery  (Fig.  325)  has  an  alkaline  electrolyte 
instead  of  acid,  and  is  constructed  of  nickel-plated  steel  throughoui. 
The  retaining  can  is  made  of  sheet  steel  welded  at  the  seams,  thus 
reducing  to  a  minimum  the  possibility  of  breakage  or  leakage  due  to 
severe  vibration.  The  battery  is  light  in  weight  and  very  durable. 
It  will  stand  a  great  amount  of  work,  and  it  is  not  subject  lo  injury 
from    vibration,    overcharging,    and    high-rate    discharging.      For    an 
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Edison  battery  charged  and  discharged  daily,  the  care  chiefly  con- 
sists in  adding  pure  distilled  water  once  or  twice  a  week,  and  keep- 
ing the  outside  of  the  cell  clean  and  dry,  and  renewing  the  elec- 
trolyte after  eight  or  (en  months.  When  examining  these  cells  an  open 
flame  should  never  be  brought  near  the  vent  as  the  gases  discharged  are 
explosive.  The  battery  can  be  left  -in  either  a  charged,  or  discharged, 
condition,  without  any  deterioration  whatever.    The  A-4  or  B-4  batteries 


Pic,  314,— StoiaRe  Battery  tor  Wiitt-liaur  Meter  Testing.    Lead  Type, 

put  up  in  pairs  in  a  two-cell  Iray  make  a  very  convenient  portable  loading 
device,  the  former  giving  current  up  to  150  amperes  and  the  latter  giving 
current  up  to  75  amperes.  The  batteries  should  be  kept  in  circuit  during 
the  test  period  only.  The  storage  battery  is  particularly  adapted  lo  the 
testing  of  watt-hour  meters  on  500  volt  circuits,  it  being  impractical  to 
use  meter  testing  rheostats  for  obtaining  heavy  loads  on  circuits  of 
this  voltage. 

The  following  types  are  listed  by  the  Edison  Storage  Battery  Com- 
pany, of  Orange,  N.  J. 
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The  baltcry  can  be  used  with  good  results  under  differci 
tions  of  temperature.    A  convenient  form  of  regulating 


at  sliuuliJ  be  provided,  and  uir-  •::\\\  lie  iiiailu  u|>  ul'  a  iiumher 
lablc,  lliln  carbon  I'l.Ui'S,  so  rirr;iii«cd  in  a  ludOiii),'  frame  thai 
.mint;   <if   a   small   band    wlu-cl   will    pri^ss   ibc   plates    together. 
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changing  the  resistance  of  tEie  circuit  so  that  any  desired  a 
current  can  be  obtained  up  to  the  capacity  of  the  battery  (Fig.  326).  The 
batteries  are  supplied  with  a  carrying  (ray  and  the  carbon  rheostats  are 
s  mounted  on  the  side  of  this  tray  (Fig.  32?).  Another  method 
inlrolling  the  current  is  to  arrange  a  small  board  with  resiiitancc 
Kigxagged  across   it,  having  binding  jKisl-i  at  each  bend,   so  Ihul   by 
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changing  the  connections  (o  different  binding  posts  different    values  of 
current  may  be  obtained. 

By  the  use  of  special  step-down  transformers,  it  is  possible  to 
obtain  an  artificial  load  of  large  amperage  for  which  the  energy  re- 
quired is  comparatively  small.  This  method  is  especially  adapted  to 
the  testing  of  targe  capacity  alternatint;  curroiit  watt-hour  meters. 
When  transformers  are  used,  the  power-factiir  in  the  testing  circuit 
is  likely  to  be  less  than  unity,  and  a  tliorutigh  investigation  should 
be  made  as  to  their  phase  displacement  under  working  conditions. 
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as  such  transformers,  unless  properly  designed,  are  liable  to  intro- 
duce errors  into  the  results.  However,  in  a  watt-hour  meter  which 
is  correctly  lagged  the  error  introduced  by  a  moderate  phase  dis- 
placement will  be  negligible. 

Transformers  of  this  type  ha.ve  been  placed  on  the  market  by 
several  manufacturers  or  they  may  be  made  by  the  central  station 
companies. 


by  the  Commonwealth  EdlBon  Company. 

The  States  Company's  phantom  load,  type  A    ( Fig.  328)  consists  of 

a  potential  Iransformer  having  its  low-voltage  secondary  provided 
with  taps  and  a  resistance  so  arranged  that  any  current  from  zero  to 
the  full  capacity  of  transformers  may  be  obtained  at  will  to  supply 
the  load  current  of  watt-hour  meier  and  rotating  standard  used  in 
test.  It  is  especially  convenient  for  use  with  large  capacity  meters. 
The  high-tension  winding  of  the  transformer  is  connected  directly 
across  the  line  on  which  the  watt-hour  meter  is  installed,  and  con- 
letiuenlly    the    core    magnetization    is    constant   at    all    loads.     This 
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arrangement  also  make  it  possible  to  use  the  same  apparatus  on 
different  voltages  by  winding  the  high-tension  side  in  sections  for 
multiple  or  series  connection.  The  resistance  is  an  alloy  grid  and 
is  connected  across  a  portion  of  the  low-tension  winding  perma- 
nently. The  contact  arm  of  the  rheostat  is  moved  by  means  of  a 
convenient  hardwood  knob.  This  arrangement  makes  it  possible  to 
change  the  value  of  the  load  current  from  zero  to  maximum  very 
easily.  Adjustments  are  made  readily  and  quickly  and  no  change  of 
meter  connections  is  necessary  during  test.  The  apertures  in  the 
side  of  the  instrument  are  provided  for  the  insertion  of  a  bayonet 
plug.  Inserting  the  plug  in  various  apertures  connects  to  points  in 
the  low-tension  winding  giving  large  adjustments  of  load  current, 
small  adjustments  being  made  with  the  rheostat.  This  device  is 
listed  in  capacities  from  50  amperes  to  150  amperes  at  no,  220,  440 
and  550  volts.  The  small  capacity  transformers  for  60  cycle  current 
are  5%  by  5%  by  7  inches  in  size  and  weigh  10%  pounds.  The  large 
capacity  transformers  built  for  lower  frequencies  are  8  by  6  by  7V2 
inches  in  size  and  weigh  21  pounds.  Other  capacities  are  listed 
which  are  intermediate  in  size  and  weight. 

The  type  B  phantom  load  consists  of  a  transformer,  the  high-ten- 
sion winding  of  which  is  connected  across  the  full  line  voltage,  the 
load  current  being  taken  from  a  low-tension  winding.  Control  of 
load  current  is  by  means  of  resistances  and  selective  switches,  the 
resistances  being  connected  in  multiple  in  the  low-tension  circuit. 
By  this  arrangement  the  load  current  may  be  predetermined,  and  by 
closing  different  switches  different  values  of  current  may  be  ob- 
tained. The  transformer  and  resistances  are  mounted  in  a  light  and 
strong  metal  box,  with  weight  properly  distributed  for  carrying. 
The  switches  are  mounted  on  the  inside  of  the  hinged  cover  in  such 
a  way  that  they  are  in  a  very  convenient  position  when  in  use;  but 
are  completely  protected  when  the  box  is  closed  for  carrying.  The 
small  type  B  devices  of  5  ampere  and  7%  ampere  capacity  are  very 
convenient  for  testing  secondary  watt-hour  meters  used  with  cur- 
rent and  voltage  transformers  where  the  necessary  low  voltage  cur- 
rent is  not  available  for  making  the  test  in  the  usual  way.  By  using 
this  device,  connecting  to  the  meter  voltage  transformer,  full  load 
test  may  be  made  on  the  watt-hour  meter  with  a  total  load  on  the 
transformer  of  approximately  60  watts.  All  sizes  have  switches 
arranged  to  control  load  current  in  V4  ampere  steps,  from  V4  ampere 
to  full  rating  of  device.  This  device  is  listed  in  capacities  from  5 
amperes  to  150  amperes  at  no,  220,  440  and  550  volts.     The  small 
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in  size  and  weigh  4  pounds.  The  larger  eapacity  transformers  in- 
crease in  size  up  to  18  by  9  by  10  inches  and  a  weight  of  45  pounds 
(Fig.  329). 

The  type  C  phantom  load  consists  of  a  transformer,  the  high-ten- 
lion  winding  of  which  is  connected  directly  to  the  line  on  which  the 
watt-hour  meter  is  installed,  the  load  current  being  taken  froin  the 
low-voltage  winding.  The  load  currrent  is  controlled  by  multiple 
resistances  on  the  low-tension  side,  these  resistances  being  con- 
nected or  disconnected   by   means   of  suitable   switches.     The   resist- 


Flci.  319.— Pbaolom  Load,  Type  B,  (••r  WaU-boiir  MtLi-r  IV-lrnn      The  Suics  Company. 

ances  are  flexible  stranded  wires  which  arc  assembled  in  a  cable 
specially  manufactured  for  this  apparatus.  This  cable  also  forma  the 
leads  necessary  for  conneitint'  up  instniiuenis  during  test.  This 
apparatus  is  furnished  in  a  leather  carryinj;  ciise  having  sufficient 
room  for  tools  and  leads.  It  is  made  in  ,u'A:  ampere  capacity  only, 
at  no,  220,  440  and  5.>n  volts.  The  current  steps  are  '/a,  I.  2.  5.  10 
and  75  amperes  (Fig.  330).  Tlie-e  devices  arc  put  on  the  market  by  the 
States  Company,  of  Syracuse,  N.  V. 

The  Rollinson  watt-hour  meter  testing  set  i-  for  aliern.iting  current 
testing  only.  By  u^ing  a  transformer  of  sjiccial  design  and  controlling  the 
-sme   by   using   aluoluldy   nnn-iiidnciive   re-istance   units,    no   appreciable 

rors  of  any  kind  are  introduced. 
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ing  terminals  and  plug  switches  are  properly  marked. 
Small  terminals  are  provided  for  the  potential  circuits;  Iwo  heavy 
ones  for  the  current  circuits.  Provision  has  been  made  by  furnish- 
ing two  lerminals  for  inductive  load.  By  use  of  but  four  snap  switches 
and  an  adjustable  rheostat,  any  desired  load  in  watts,  from  zero  to 
maximum,  can  be  readily  obtained. 

This  transformer  is  put  on  the  market  by  the  Mohawk  Electric 
Company,  Albany,  N.  Y..  and  is  listed  in  capacities  from  5  amperes 
to  ZOO  amperes  at  ito;  2J0  and  440  volts.  It  is  14  liy  9  Ijy  6-)i  inches 
in  size  and  weighs  16  pounds. 


Pic.    ii"  —Phantom  Loeii,  Type  C.  fot  Watt-hmr  Xtclcr  Testing.     The  States  Company. 

The  low- voltage  transformer  used  by  The  United  Electric  Light 
and  Power  Company,  New  York,  is  a  shunt  transformer  with  a 
low-voltage  winding.  The  high-tension  side  is  wound  for  a  nia.\i- 
mum  of  220  volts  and  has  lai'S  brought  out  at  points  which  ^ivc 
approximately  100,  75,  50  and  ^5  per  cent  of  the  full  voltage  of  the 
low-tension  side.  In  order  to  protect  the  instruments  from  overload, 
a  preventative  resistance  is  placed  in  the  low-tension  circuit.  This 
resistance  is  of  a  material  having  a  low  temperature  coefRcient,  and 
means  are  provided  to  vary  the  amount  in  the  circuit.  The  range 
is  suRicient  to  bridge  the  slejis  in  the  high-tension  winding,  thn? 
giving  any  desired  steps  in  the  amount  of  current.  In  this  particular 
apparatus  the  low-tension  winding  cimsisis  of  three  turns.  .\  lap  "^ 
brought  out  at  the  first  turn,  giving  one-third  of  the  full   vollajjc  1 
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the  winding.  Objection  might  be  made  to  the  fact  that  the  high- 
tension  winding  is  an  auto-transformer,  and  when  the  loo-per-cent 
tap  is  used  a  high  potential  is  established  across  the  entire  winding. 
If  the  coil  is  properly  insulated  and  the  contacts  shielded  no  trouble 
will  be  experienced.  This  transformer  has  sufficient  capacity  for  test- 
ing 150  ampere  watt-hour  meters,  and  may  be  used  without  intro- 
ducing errors  due  to  low  power-factor.  This  device  is  mounted  in 
a  box  7?i  by  yYi  by  7  inches  and  the  complete  apparatus  weighs 
i5'/<   pounds. 


Pic.  3JI.~Transfonncr  Type  of  Artificial  Load  for  Wau-hnur  Mftet  Testing.     BBiUm 
Specialty  Company. 

The  Universal  Load  Box  (Fig.  331)  is  a  device  of  the  transformer 
type  and  has  been  designed  to  meet  the  various  requirements  of  watt- 
hour  meter  testing. 

The  Type  "  H  "  load  box  is  suitable  for  testing  both  no  and  220 
volt  watt-hour  meters  of  from  3  amperes  to  75  amperes  capacity, 
two-,  three-,  or  four-wire;  being  equally  suitable  for  watt-hour  meters 
of  either  the  low  or  high  capacity. 

The  high-tension  side  is  wound  in  sections  to  obtain  series,  and 
no  volt  and  220  volt  circuits.     A  rotating 


^ 
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type,  indicating  switch  is  provided,  and  the  high-tension  side  is  thus 
adapted  for  circuits  of  either  voltage.  A  pointer  on  the  switch  arbor 
indicates  the  voltage  for  which  the  load  box  is  set.  The  high- 
tension  winding  is  connected  directly  across  the  line.  The  entire 
winding  is  in  circuit  at  all  times  when  testing,  thus  producing  a 
constant  core  loss.  The  maximum  wattage  consumed  at  full  load 
is  60  watts. 

The  low-tension  winding  is  separated  into  two  independent 
ranges,  one  having  a  capacity  of  5  amperes  and  the  other  a  full  load 
capacity  of  50  amperes.  This  arrangement  is  adapted  for  one  man 
testing,  as  it  eliminates  the  necessity  of  changing  the  connections  or 
adjustments  of  the  load  device  for  either  light  or  full  load  readings. 
The  5  ampere  range  is  provided  for  testing  low  capacity  watt-hour 
meters  and  for  light  loads  on  the  higher  capacity  meters.  It  is  also 
suitable  for  testing  primary  watt-hour  meters  used  with  current  and 
voltage  transformers.  In  such  cases  the  small  wattage  consumption 
permits  of  connecting  the  device  to  a  voltage  transformer  when  it 
would  be  impracticable  to  obtain  a  load  for  testing  in  the  usual 
manner. 

This  load  device  automatically  delivers  the  proper  wattage  for 
light  and  full  loads  of  all  capacity  watt-hour  meters  within  its 
range;  that  is,  when  testing  watt-hour  meters  of  a  given  make,  the 
rheostat  may  be  adjusted,  with  the  rotating  standard  in  circuit,  to 
give  the  desired  full  load  wattage  for,  say,  a  10  ampere  watt-hour 
meter,  and,  without  further  change  of  adjustments,  this  load  device 
will,  when  connected  to  a  50  ampere  watt-hour  meter,  give  a  full 
load  wattage  suitable  for  a  meter  of  the  latter  capacity. 

A  very  small  rheostat  is  included  within  the  same  case  with  this 
device,  and  is  connected  in  the  low-tension  circuit.  With  this  rheo- 
stat it  is  possible  to  gradually  vary  (not  in  steps)  the  wattage  from 
zero  up  to  the  full  capacity  of  the  box,  so  that  wattage  of  any 
desired  value  between  light  and  full  loads  may  be  easily  obtained. 

The  power-factor  or  phase  displacement  between  the  current  de- 
livered to  the  testing  circuit  and  the  impressed  electromotive  force 
of  the  line  is  negligible;  the  power-factor  being  practically  unity. 
Even  for  extreme  low  loads  the  power-factor  is  above  96  per  cent. 

This  box  is  also  supplied  with  the  connections  arranged  so  as  to 
permit  of  separately  controlling  light  and  full  loads  at  the  meter. 
This  is  accomplished  by  an  arrangement  of  connections  and  by  em- 
ploying three,  instead  of  the  usual  two,  current  leads.  With  this 
equipment  no  change  of  connections  at  the  load  box,  or  rotating 
afntiHarH.  is  renuired  throucrhout  the  test,  the  tester  havin&r  full  con- 
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trol  of  the  light  and  full  loads  separately  while  at  his  testing  position 
in  front  of  the  meter. 

When  subjected  to  conditions  met  with  in  watt-hour  meter  test- 
ing, the  current  is  automatically  limited  to  a  value  which  protects 
the  instrument  in  circuit  and  the  watt-hour  meter  under  test  from 
any  damage  due  to  overload.  When  the  low-tension  windings  arc 
short  circuited,  the  current  will  not  be  sufficient  to  damage  the 
device  even  if  left  in  circuit  continuously.  This  construction  makes 
the   device   practically   immune   to   careless   handling. 

The  rated  capacity  of  the  Type  "  H "  load  box  is  50  amperes, 
which  gives  an  equivalent  testing  load  of  5,500  watts  and  11,000  wattb 
at  no  and  220  volts  respectively.  The  device  is  mounted  in  a  case 
about  6  inches  wide  by  7  inches  long  by  6  inches  high,  and  weighs 
approximately  8  pounds.  Load  boxes  of  100  and  200  amperes  ca- 
pacity are  also  manufactured  for  the  various  voltages. 

Universal  Load  Boxes,  suitable  for  testing  watt-hour  meters  of 
any  voltage,  or  ampere,  capacity,  are  manufactured  by  the  Eastern 
Specialty  Company,  of  Philadelphia,  Pa. 

Suitable  carrying  cases  for  instruments  of  the  rotating  standard  and 
indicating  wattmeter  types  are  provided  by  the  manufacturers,  but  for 
testing  requiring  the  use  of  two  or  more  instruments,  such  as  a  volt- 
meter, shunt  and  millivoltmeter,  a  special  instrument  box  will  be 
found  convenient. 

A  neat  and  well-appearing  box  may  be  made  up  of  oak,  well  var- 
nished and  fitted  with  brass  trimmings.  This  box  may  be  arranged 
with  three  sections,  the  end  ones  being  for  the  voltmeter  and  am- 
meter or  millivoltmeter,  and  the  center  one  being  used  as  a  space 
for  tools,  etc.  The  instruments  are  placed  far  enough  apart  to  have 
practically  no  magnetic  effect  on  each  other  and  are  checked  and 
used  in  the  same  relative  position.  The  instrument  case  may  also 
be  made  sufficiently  large  to  include  the  shunt  as  well  as  the  instru- 
ments and  tools;  but  if  the  capacity  of  the  shunt  is  very  high,  the 
weight  will  be  excessive,  so  that  a  separate  case  for  the  shunt  is 
desirable.  If  the  shunt  and  instruments  are  included  in  one  case. 
the  shunt  must  be  removed  when  in  use,  otherwise  the  heavy  cur- 
rents may  cause  serious  errors  in  the  indications  of  the  instruments 
(Fig.  332). 

When    usinj?    continuous    current    milli voltmeters    and    voltmeters 

around   a   switcli])oard   or   luar   conductors   carrying   heavy   currents, 

tliey   should   be  placed   in    siiiial»lo   magnetic   shield   instrument   boxes 

<  l^ig.  3.V^)  ^(^  prevent  errors  in  the  indications  due  to  the  magnetic  effect 

the   hcavv  currents.     A    satisfactory   ^liieldiiij:  effect  may   !)C  obtained 
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from  a  box  made  of  four  thicknesses  o£  IranSformer  iron,  tliesc  bciiis 
cut  in  such  a  way  Ihal  the  four  sides  may  be  bent  up  and  fastened  by 
means  of  brass  angle  pieces  which  are  riveted  to  the  box.  The  cover, 
which  is  of  ihe  same  thickness,  is  fastened  by  means  of  four  corner 
screw,'!  which  pass  through  it  and  are  driven  into  lugs  which  are  securely 


Edison  Elccthg  Illuminating  Compnay  of  Altoona. 

fastened  on  the  inside  of  the  Imx.  Care  should  be  taken  to  sec  that  all 
joints  are  well  made  and  til  cluscly. 

which  pass  through  the  bottom  and  are  driven  into  the  wouUen  base 
'.f  the  instrument.  The  instrument  bindinK  posts  arc  connected  tf 
ither  bindinif  posts  wliicli  are  nmuntci]  on  the  outside  of  the  boK 
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An  opening  is  cut  in  the  cover  directly  over  the  reading  scale  of 
the  instrument.  This  opening  is  just  the  size  and  shape  of  the  read- 
ing scale,  so  tha.t  observations  may  be  easily  made.  When  an  instru- 
ment is  placed  in  the  box,  it  will  cause  a  change  of  about  2  per  cent 
in  lis  reading,  therefore,  it  should  be  carefully  checked  and  cor- 
rected, or  a  calibration  curve  provided.  The  outside  of  the  box  is 
neatly  trimmed  with  brass  corners  and  a  carrying  handle  is  placed 
on  one  end.  It  is  g'A  inches  wide,  8ji  inches  deep  and  4A  inches 
high,  and  with  a  Weston  portable  instrument  weighs  is'/i  pounds. 
A  hard  fiber  box  similar  to  a  suit  case  with  reinforced  corners 
makes  a  convenient  tool-carrying  case.  This  can  be  arranged  with 
compartments  to  accommodate  a  watt-hour  meter  testing  rheostat. 


Flc.  3ii.— Msgnelic  Shield  Irulrumenl  Boi. 
tools,    slide    rules,    leads    and    jumpers    without    being    exceedingly 

A  grip,  or  tool  bag,  should  be  furnished  when  there  is  no  other 

means  provided  for  carrying  tools.  Extra  heavy  canvas  handbags 
have  been  used — also  different  types  of  leather  handbags  and 
satchels.  A  very  coiiipacl  tool  case  has  been  made  of  a  good  grade 
of  heavy  black  leallicr  with  reinforced  corners,  stiffened  at  top, 
bottom  and  ends,  so  it  will  retain  its  shape.  The  case  is  rectangular 
in  shape,  being  12  by  6  by  4  inches  in  size,  and  contains  ample  space 
for  the  tools  required  for  the  testing  of  all  meters,  excepting  those 
where  special  equipment  is  required.  It  is  furnished  with  a  shoulder 
strap,  which  can  he  shortened,  so  it  can  also  be  carried  as  a  handbag. 
In  order  that  the  meter  tester  may  perform  his  work  as  rapidly 
as   |)ossib1e,  a  slide  rule   should    be   furnished   with   his   equipment. 
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With  this  he  can  calculate  his  results  without  having  to  figure  out 
each  step,  which  is  not  only  more  laborious,  but  is  more  subject  to 
errors  than  the  slide-rule  method.  A  10  inch  slide  "rule  should  be 
furnished,  and  it  is  preferable  that  the  lower  scale  be  used.  A  num- 
ber of  good  inexpensive  rules  may  be  purchased,  but  care  should  be 
used  in  selecting  ones  made  of  well-seasoned  wood  and  constructed 
in  such  manner  that  they  are  not  liable  to  warp,  or  expand,  under 
changes  of  climate  or  temperature.  A  rule  on  which  the  graduations 
are  engine  divided  and  clearly  cut  on  a  background  of  white  celluloid 
is  preferable  to  one  on  which  the  graduations  are  merely  stamped  or 
printed,  for  in  the  latter  case  the  reading  scale  will  become  worn 
in  time  and  difficult  to  read. 

In  addition  to  the  testing  standards,  the  meter  tester's  kit  (Fig. 
334)  should  include  connecting  leads,  a  certain  number  of  spare 
meter  parts,  seals,  adjusting  tools,  et  cetera.  The  outfit  needed  dif- 
fers for  different  methods  of  testing,  and  for  different  types  and 
capacities  of  meters.  Where  the  tester  has  a  helper,  it  is  possible 
to  carry  a  more  elaborate  outfit  than  when  he  works  alone.  No 
single  standard  list  will,  therefore,  suit  all  conditions.  Two  lists 
arc  ^iven  below,  the  first  of  which  includes  things  which  will  be 
necessary  in  practically  all  cases.  The  second  list  contains  additional 
supplies,  which  will  be  needed  in  some  cilscs. 

MINIMUM    EQUIPMENT    FOR    A    WATT-HOUR    METER 

TESTER 

Testing  standards. 

L<jading  devices. 

Badge,  or  identification  card. 

Suitable  carrying  case  for  tools. 

Connectors,  leads,  etc. 

One  pair  side-cutting  pliers. 

One  six-inch  screw  driver. 

One  two-inch  cabinet  screw  driver. 

Needles  for  testing  jewels. 

One  small  bottle  of  best  grade  jeweler's  watch  oil. 

Supply  of  jewels  and  balls  or  pivots. 

Supply  of  screws,  cover  nuts,  dial  hands,  etc. 

C(;rn  pith  for  cleaning  jewels  and  pivots. 

.\ssorted  fuses. 

One  air  syringe,  or  camel's  hair  brush. 

.Strip  of  steel  for  cleaning  magnets. 
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Extension  cord  and  lamps. 

Slide  rule. 

Compound  and  friction  tape. 

Cloth,  or  brush,  for  cleaning  covers,  etc. 

Supply  of  seals  and  sealing  tool  when  necessary. 

Special  tools,  according  to  make  of  meter. 

ADDITIONAL   FOR   COMMUTATOR   WATT-HOUR 

METERS 

One  4-inch  file. 
Crocus  cloth. 
Linen  tape. 
One  commutator  pick. 
One  brush  adjuster. 

» 

OPTIONAL    EQUIPMENT 

Level. 

Small  monkey  wrench. 

Magnifying  glass. 

Extra  drag  magnets. 

Extra  meter  windows. 

Brushes  for  cleaning  commutator,  worm,  etc. 

Extra  shaft  for  holding  pivots  while  examining. 

One  tool  for  resetting  misplaced  dial  hands. 

Pegs  of  wood  for  cleaning  top  bearings,  etc. 

Magnet  wrench. 

Flash  lamp. 

Supply  of  shafts  and  top  bearings. 

A  convenient  means  of  carrying  and  utilizing  the  tools  of  a  meter 
tester's  kit  is  illustrated  in  Fig.  335,  which  represents  a  canvas  apron 
with  suitable  pockets  for  the  reception  of  the  various  tools.  This 
apron  is  worn  by  the  meter  tester  while  in  action  and  permits  the 
convenient  use  of  any  required  tools.  The  apron  containing  the 
tools  may  be  rolled  up  and  tied,  as  shown  at  the  right  of  the  figure, 
during  transportation. 

Suitable  current  leads,  pressure  leads  and  jumpers  should  be  sup- 
plied to  the  tester. 

Standard  flexible  lamp  cord  may  be  used  for  current  and  pressure 
leads,  but  better  service  will  be  obtained  from  high-grade  rubber- 
covered  stranded  cable. 

A  single   No.   12,   B.  &  S.   guage,   conductor  is   suitable  for  currei 
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leads  used  in  testing  small-capacity  meters  and  two  parallel  No. 
10,  B.  &  S.  guage,  conductors  can  be  used  for  current  leads  up  to  loo 
amperes.  Special  flexible  cable  should  be  used  for  larger  currents. 
Pressure  leads  should  be  made  of  No,  1 6,  B.  &  S.  guage,  flexible 
conductor.  . 

The  use  of  leads  with  loose  and  frayed  ends  should  be  avoided, 
and  both  current  and  pressure  leads  should  be  equipped  with  suit- 
able terminals  in  order  to  assure  perfect  contact. 

Jumpers  should  be  made  of  flexible  conductor  and  equipped  with 


Flo.  33 S-— Walt-hour  Meter  Tester's  Tools  and  Appliances  in  Canvas  Apron.     United  Eleilric 
Light  and  Power  Company. 

some  form  of  connector  or  clamp,  so  they  can  be  readily  attached  to 
the  line  wires,  switches  or  meters. 

The  jumpers  should  be  of  such  length  that  they  can  be  placed 
far  enough  from  the  meter  to  have  no  effect  on  its  accuracy. 

A  rei?ular  inspection  should  be  made  to  see  that  the  leads  are  kept 
in  first-class  condition,  and  that  none  of  the  separate  strands  of  wire 
are  broken.  The  use  of  leads  with  defective  insulation  should  be 
avoided,  as  short  circuits  which  may  cause  injury  to  the  tester  or 
i  may  result   from   their  use.     (See  Chapter  VII.) 
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CHAPTER   X 
Statistics  of  Watt-Hour  Meter  Tests 

A  study  of  the  results  obtained  through  systematic  methods  of 
watt-hour  meter  tests  can  be  made  of  great  benefit  to  the  manage- 
ment and  to  the  executives  having  the  responsibility  of  the  accuracy 
of  the  metering  system,  if  concise  summaries  and  statistics,  showing 
the  progress  and  results  of  the  work,  are  compiled. 

The  civic  commissions  also  require  certain  statistical  forms  to  be 
filed  for  their  information. 
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Fig.  336. — Fonn  for  Daily  Tabulation  of  Watt-hour  Meter  Accuracy  Results. 

There  are,  naturally,  very  many  ways  and  forms  ,iri  which  these 
data  can  be  compiled  and  presented,  and  each  company  or  individ- 
ual will  undoubtedly  exercise  considerable  latitude  in  its  accumula- 
tion and  presentation,  so  as  to  fit  the  case  in  hand.  A  few  sugges- 
tions only  will,  therefore,  be  given  here  indicative  of  the  method  of 
tabulating  accuracy  results,  and  other  statistics  from  the  watt-hour 
meter  test  records. 

F^ig-  Z3^  shows  a  form  on  which  accuracy  results  may  bo  entered 
daily,  after  the  accuracy  has  been  determined  and  reported  on. 
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The  idea  is  to  have  a  separate  sheet  for  each  type  of  meter. 
The  number  of  tests  that  fall  within  the  percentage  specified  at  the 
head  of  the  vertical  columns  should  be  entered  in  their  proper 
places.     For  example,  if  the  percentage  of  accuracy  of  a  meter  is 
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■ 
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»/89.» 
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ii^ 
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■NX.  or  RCV. 

"*" 

«MB. 

mm. 

•«. 

• 
.  1  ■  -   ■ 

Mrrciw  Mt 

•MITBM  IMiftOVSto 

•irnifit  mnovso  roo  kbpaiim 

MtTKMg  flSPANI«»   AMD  TVOTJIO 

MiTCito  TMTB»  m  neoM  (OtOl 

MITKIM  RCAO 

Fig.  337. — ^Form  for  Monthly  Tabulation  of  Watt-hour  Meter  Accuracy  Results. 

found  to  be  97,  it  will  be  entered  in  the  column  headed  96  per  cent 
to  97.9  per  cent.  Heavy  load  tests  should  be  kept  separate  and  dis- 
tinct from  light  load  tests.  Also  where  it  is  practice  to  test  meters 
on  other  loads,  this  third  load  could  have   a  separate  section.     In 
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I 

s 


could  also  have  a  separate  section.  Where  there  are  a  very  great 
number  of  meters  tested  per  day,  a  suitable  iiling  arrangement,  cor- 
responding to  the  headings  of  the  columns  could  be  arranged  and 
test  cards  could  be  first  sorted  with  respect  to  accuracy  at  light  load, 
being  put  into  the  proper  files,  and  then  entered  on  the  statistical 
form.    This  could  be  repeated  for  heavy  load  and  other  loads. 

At  the  end  of  the  month  the  columns  can  be  totaled,  and  the  per 
cent  of  meters  tested,  that  fall  within  each  set  of  limits,  can  be  de- 
termined. For  example,  if  200  meters  were  tested  and  two  were 
found  between  96  per  cent  and  97.9  per  cent,  the  per  cent  of  meters 
tested  that  fall  within  these  limits  would  be  one. 

At  the  end  of  each  month  the  data  may  be  arranged  in  a  con- 
densed tabulated  form,  which  would  have  the  advantage  of  being 
more  quickly  analyzed   (Fig.  337). 

This  idea  can,  if  desired,  be  carried  out  to  embrace  characteristic 
tests  conducted  over  various  periods  for  specific  purposes.  This 
will  enable  the  determination  of  such  questions  as  the  selecting  of 
proper  intervals  between  periodic  tests  on  different  types  of  watt- 
hour  meters,  and  the  superiority  of  certain  types  of  bearings  over 
others. 

Fig.  338  is  another  form  for  tabulating  accuracy  results.  Each 
sheet  is  assigned  a  number  corresponding  to  the  percentage  of  accu- 
racy shown  by  the  test,  so  that  each  sheet  corresponds  to  a  column 
mentioned  above.  The  serial  number  of  the  watt-hour  meter  tested 
is  recorded  in  the  first  vacant  space  in  a  column.  The  numbers  i  to 
40  are  used  for  the  convenience  of  totaling  the  number  of  tests 
recorded. 

This  method  provides  a  ready  means  of  referring  to  previous  meter 
test  cards  in  case  more  detailed,  or  specific  information  may  be 
desired  regarding  an  individual  meter  or  group. 

From  these  examples,  illustrating  different  degrees  of  complete- 
ness, may  be  developed  any  variation  of  statistical  form  which  may 
be  apropos  (Figs.  339,  340  and  341). 

Statistics  may  also  be  compiled  on  the  meter  efficiency,  or  the  cost 
of  testing,  repairing  or  reading  watt-hour  meters. 

These  data  may  be  presented  also  by  graphical  curves,  plotted 
similarly  to  Figs.  342,  343  and  344- 

Every  company,  irrespective  of  its  size,  should  endeavor  to  keep 
more  or  less  general  statistical  information  on  watt-hour  meters  and 
meter  work;  this  information  will  not  only  be  of  direct  use  in  the  com- 
pany, but  will  enable  comparison  to  be  made  with  the  results  of 
other  companies. 
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PERIODIC  TESTS  OP  WATT-HOUR  METERS 


Pinal 

Avitfage 

Efficiency 

Percent 


N.  R, 

.OOI  to  79  + 
80  to  89+ 
90  to  94  + 

95  + 

96  + 

97  + 

98  + 

99  + 

100  + 

101  + 

xoa  + 
X03  + 
104+ 

IDS  to  109  + 

no  to  119  + 
I  ao  and  above 
Total 


Jan.  Peb.  Mar.  Apr.  May  June  July  Aug.  Sept.  Oct.  Nov.  Dec.  Total  for  Year 


U 


Pig.  339. — Porra  for  Yearly  Tabulation  of  Watt-hour  Meter  Accuracy  Results. 

In  order  to  assist  a  company  in  deciding  on  the  class  of  statistics 
it  may  desire  to  keep,  the  following  list  is  presented,  which  is  usu- 
ally included  among  the  statistics  kept  by  the  larger  companies: 


SYSTEM   TEST  DATA  POR  YEAR   191 1. 


Inst.  Tests 

Pbriodic  Tbsts 

CoiKPLAiNT  Tests 

Office  Tests 

Pkbcbmt  or 

COKEBCT 

Total-8771 

Total-TZ290i 

Total-5r4 

Total-40S 

10% 

'£sa 

10% 

100% 

Pinal 

10% 

100% 

Pinal 

10% 

100% 

Pinal 

Load 

Load 

Load 
o.xo 

Avg.  Bff. 

Load 

Load 
0.40 

Avg.  Eff. 

Load 
16.05 

Load 

Avg.  Eflf. 

Non-recording 
More  than  4% 

0.15 

O.IO 

o.is 

o.xo 

0.60 

0.40 

13.8s 

14.  xo 

rfow 

o.^l 

0.10 

3.55 

0.25 

0.70 

3.15 

0.80 

i.ao 

21.05 

15.85 

18.  OS 

96+tozo4 

99.25 

99.85 

96.45 

99.20 

98.90 

95.55 

99.30 

97.80 

78.40 

83.80 

76.2s 

98+ to  102 

08. 5S 

99.00 

81.40 

90.95 

90.20 

81.65 

94.80 

90.20 

65.0s 

78.85 

73.10 

More  than  4% 

fast 

0.15 

•    •   • 

0.9s 

0.60 

0.4s 

1.40 

•  •  ■ 

1. 00 

1.50 

0.25 

0.75 

Pigures  show  per  cent  of  meters  tested  falling  within  given  ixrints. 
Pig.  340. — Porm  for  Condensed  Tabulation  of  Watt-hour  Meter  Accuracy  Results. 
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PERIODIC  TESTS 
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RNAL  AVBRAOB 

BPPICIENCV-PER  CENT. 

(Cot  1) 

NO.OPMBTBRS 
(CM.  2) 

PBRCeNTAOB 
(Col  J) 

0  or  Non-Recocding 

.0001  to  80 

80  +  to   90 

90  +  to*  95 

95  + to   96 

96  + to  97 

97  + to   98 

** 

98  +  to   99 

99  + to  100 

100  + to  101 

101  +  to  102 

102  +  to  103 

103  +  to  104 

104  + to  105 

105  +  to  1 10       • 

IIO  +  to120 

1 20  +  and  above 

Total 

The  plut  Hffi  (+)  in  cduna  I  iinMd  loindicala  any  fractioa  from  .0001  up  to  .9999:  dm  *^  +  le  9S' 
inclucUa  arcry  nrtcr  found  vpoo  final  avanga  to  Kfirtai  belwocB  9OX)00l  and  95.  bodi  ■ 


The  abovt  report  ii  a  coned 
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inCaieNa  IIS4. 


of  dw  leato  node  by  ihii  Cooi|iaay.  atnd  al 
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canduckd 
26^1909. 


-Form  for  Submission  of  Tabulation  of  Watt-hour  Meter  Accuracy  Results  to  Civic 

Commission. 
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NUMBER    or  METmS. 


Watt-hour  Heterg — 

Accuracy  as  explained  above  and  in  Chapter  XI, 
'     Number  in  service  on  the  first  of  each  month,  subdivided  a 
to  make,  type,  capacity  in  amperes,  volts  and  wire,  ct  cetera, 
divided  under  litrht  and  power. 
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NUMBER    OF  METERS. 


Pig,  3«- 

Number  in  stock  on  the  first  of  each  month,  number  purchased 
and  number  destroyed,  or  scrapped,  during  the  month,  and  SO  on. 
Number  of   meters   found   defective   in   service  each   month,   subdi- 
vided miiltT  rauscs  and  make,  cl  cetera   (Fid.  .14^).  1 
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60       10 


eo      so     100     no     i2o 

Percent  Registration 


MO 


Pig.  344- 
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Daily  Mctcr  Status 


MCTIOtW 
BCMCAK* 

SKCTtOMS  INCRCA8CO  BY  DAILY  O^CHATION* 

TOTAL 

•0»CIMTIOM« 

iii'«T«eH 

UWTMLB* 

M    ■£■«»■ 

ewr  mir 

DCOUCTION 

RKMANKft 

M  STtfew 

- 

in  scnvicc 

- 

• 

CUT  OUT 

Twrm. 

HWMAM 

. 

TOTAk     . 
OCONCAK 

. 

TOTALS 

•Ml   AM* 

. 

NUIMCII 

IMTOH 

•TA1V« 

DATC 

ntMMT 
•TATUk 

BY 

MCTim 

IN    STOCH 

UMTAL 

vn 

t 

Ml    MffWW 

CUT  ewT 

-«•             1 

(Obverse  Side.) 

Record  of  Transactions 


MCTEn 
OPCflATIONft 

THIS   DAY 

THIS    MONTH 

THIS    YEAR 

RCMARKS 

RCMOVCO 

INSTALLCD 

Cut  in 

CUT  OUT 

PURCNAUO 

CONDCMNCO 

LOST 

• 

(Reverse  Side.) 
Pig.  345. — Porm  for  Tabulatinsr  Status  of  Watt-hour  Meter  Stock. 

Installation — 


Total  number  of  meters  installed 
Total  number  of  meters  removed 
Number  of  meters  changed 


The  subtraction  of  the  latter 
from  each  of  the  other  two 
gives  the  new  installations  and 
final  removals. 


Average  cost  of  installing  meters  (  Each  subdivided  under  La- 
Average  cost  of  removing  meters  *»  bor,  Material  and  Miscellane- 
Average  cost  of  changing  meters   (  ous. 
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Number  of  meters  tested,  subdivided  under  the  various  classes  of 
tests  previously  mentioned;  as  installation  tests,  periodic  tests,  and 
so  on. 

Number  of  meters  tested  per  day  per  tester,  and  per  team  sepa- 
rately. 

r  Labor. 

Average  cost  of  service  test }  Material. 

(^  Miscellaneous. 

C  Labor. 

Average  cost  of  shop  test -J  Material. 

(^  Miscellaneous. 
Repairs — 

Number   of  meters  repaired,   subdivided   according   to   make,   and 

so  on. 

A                    ^     e          '                  ^  (  Labor. 

Average  cost  of  repairs  per  meter "i  m  t     "1 

Maintenance- 
Cost  per  test  for  repairs  of  testers*  tools  and  appliances. 
Cost  per  test  of  checking  and  repairing  testing  instruments. 
Total  cost  per  meter  per  year  for  repairs  and  testing. 

Reading-* 

Number  of  meters  read  and  percentage  of  errors. 

Number  of  meters  read  per  man. 

Average  time  per  reading  on  each  route. 

A  X  J-  (  Labor. 

Average  cost  per  readmg -^  .-.      ,, 

(  Miscellaneous. 


Complaint! 

Number  of  complaints  per  month  and  percentage  of  justifiable 
complaints. 

Percentage  of  complaints  received  to  bills  rendered. 

The  above  general  headings  can  be  subdivided  to  as  great  a  degree 
of  detail  as  may  be  found  desirable. 

While  the  different  methods  of  accomplishing  the  meter  work  in 
detail  may  necessarily  vary  widely  with  the  different  organizations, 
it  is  still  possible  to  so  classify  the  expense  under  divisions  and  subdivi- 
sions as  to  accomplish  reasonable  uniformity.     Some  companies  may  de- 

cir«*  fft  rarrv  thi«    Qiihdivisinn    into  miirVi   orrf»atpr   Hpfail    than    nt1i<»r« 


Soo 
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There  is  great  need  of  being  able  to  compare  notes  more  fully  on 
such  points  as  "Cost  per  meter  of  system  tests"  and  "  Costi  per 
year  per  meter  maintained,"  with  the  knowledge  that  the  co»t»  are 
figured  on  the  same  basis. 

A  suggt^sted  method  of  accomplishing  the  calculation  of  these  items  is 
given  below  as  a  guide  for  uniform  accounting  in  connection  therewith. 


METER   DEPARTMENT   EXPENSE 


Proportioa  of  EipanM  Allotted  to 


llj 


1    = 
11^ 


^ Records. 

Supervision  aad  Clerical  P&yroU 
"'-•■ -■  Postage. 


(B)  r>i<tiibutian  Eipeiue. 
1 1 1  Testing  and  Repairing. 

(b)  Supervision  and  Clerical  I'MyroU. 
{b\  Stationery  and  Posta^B. 


l)  Distribution  Expense. 

'  Is)  Pa^. 
|A]  Material. 
icS  Supplies  and  B«jen»a. 

(()  ToUl  Enpense. 
Number  of  Testen. 
Number  of  Hdpera. 
Number  of  Meters  Tested. 
Aveinse  Eipense  per  Metei  Tested. 
Average  Eipenao  per  Meter  on  Systei 

h)  Material. 

u\  SuppUee  and  Expenses. 


libber  of  ReiuiiTnen. 
mber  of  Meters  Repaired. 
en«e  Eipenae  per  Meter  Ri 
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METER  DEPARTMENT  EXPENSE— CoiKiiM«i. 


Proportion  of  Bxpei 


III.  System. 

(A)  Conunerdal  Expense. 
<x)  Reading. 

(a)  Payxoll. 

(b)  Material  and  Supplies. 

(c)  Incidental  Expenses. 
(«)  Total  Expense. 

Number  of  Meter  Readers. 

Number  of  Meters  Read. 

Number  of  Meters  Read  per  Man. 

Total  Errors  in  Reading. 

Per  cent  of  Incorrect  Reading. 

Average  Expense  per  Meter  Read. 

Aveiage  Expense  per  Meter  on  System. 

(B)  Distribution  Expense, 
(x)  Testing. 

(c)  Payroll. 
(6)  Material. 

Supplies  and  Expenses. 
Insteuments  and  Apparatus. 
(«)  Total  Expense. 

Number  of  Testers. 
Number  of  Helpers. 
Number  of  Meters  Tested. 
Average  Expense  per  Meter  Tested. 
Average  Expense  per  Meter  on  System. 

(2)  Repairing, 
(a)  Payroll. 
IbS  Material. 

Ic)  Supplies  and  Expenses, 
(a)  Instruments  and  Apparatus. 
(«)  Total  Expense. 

Number  of  Repairmen. 
Number  of  Meters  Repaired. 
Average  Expense  i>er  Meter  Repaired. 
Average  Expense  per  Meter  on  System. 

IV.  Summary  and  Statistics. 

(a)  Average  Number  of   Watt-hour   Meters  on 

System. 
Of)  Total  Expense  for  Meters. 
icS  OfiSoe  Expense  per  Meter  on  System. 
id)  Meter  Shop  Expense  per  Meter  on  System. 
Svstem  Expense  per  Meter  on  System. 
Total  Expense  per  Meter  on  System. 
Average   Number  of   Maximum   Load  indi- 
cators on  System. 
(A)  Total  Expense  for  Maximum  Load  Indicators, 
(f)  Total  Expense  per  Maximum  Load  Indicator 
on  System. 


CHAPTER  XI 

WATT-HOUR  METER  RECORDS 


CHAPTER  XI 
Watt-hour  Meter  Records 

No  matter  how  few  meters  a  company  may  have,  it  will  be  found 
advisable  to  keep  proper  records  of  the  meters  and  meter  work. 

In  the  whole  routine  of  a  central  station  company,  no  matter  is  of 
more  importance  than  the  proper  care  and  handling  of  meters  and  meter 
records. 

It  is  just  as  important  to  throw  safe-guards  around  the  company's 
meters  and  meter  records  as  it  is  to  protect  the  cash  receipts  and  ex- 
penditures, for  the  reason  that  the  revenues  of  the  company  are  absolutely 
and  directly  dependent  upon  the  meters  and  their  readings. 

A  meter  immediately  upon  being  purchased  should  be  tagged  as  the 
property  of  the  company,  badged  with  a  serial  number  and  taken  into  a 
monthly  balance.  It  should  be  accounted  for  during  its  entire  life  history 
with  the  company,  so  that  its  location  and  its  performance  can  at  all 
times  be  readily  known  and  checked,  even  after  it  has  been  condemned 
and  disposed  of  as  scrap. 

Like  the  employees,  the  meter  should  pass  inspection  and  examination 
upon  entering  the  service  of  the  company,  should  be  selected  for  the 
work  that  it  is  to  do,  should  be  definitely  assigned  to  such  work,  its  per- 
formance should  be  inquired  into  from  time  to  time  in  order  that  it  may 
do  its  work  efficiently  and  well,  it  should  receive  all  the  attention  neces- 
sary to  maintain  it  in  good  operating  condition,  and  should  finally  be 
dismissed  with  honor  and  its  work  regarded  with  respect. 

It  will  be  found  advantageous  to  outline  a  sufificiently  comprehen- 
sive system  to  take  care  of  the  natural  increase  in  the  number  of 
meters  and  corresponding  increase  in  meter  work.  To  outline  a  thorough- 
ly comprehensive  system  of  meter  records  is  difficult,  as  local  conditions 
largely  govern  the  system  to  be  adopted. 

Some  companies  provide  a  suitable  q^eter  test  record  card  for  each 
meter,  upon  which  all  information,  such  as  date  of  purchase,  manufac- 
turer's and  company's  serial  numbers,  capacity  in  amperes,  volts  and  type, 
constants,  and  any  other  descriptive  information  is  entered.  Tfie  card 
also  contains  spaces  for  the  name  and  address  of  each  consumer  in 
whose  premises  the  meter  has  been  installed,  the  date  of  installation  and 
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METKR   TCST  ItECORO  CARD 


Tot  Record  Card.     Obvene  ud  RavciH  Sida. 


WATT-HOUR   METER  RECORDS 


SO? 


removal,  and  a  copy  of  all  tests.  This  card,  therefore,  serves  as  a  record 
of  the  meter  from  the  date  of  its  receipt  until  it  is  finally  discarded  (Figs, 
346  and  347)- 

Some  companies  have  a  meter  record  envelope,  filed  numerically  ac- 
cording to  the  number  of  the  meter,  which  is  stamped  on  the  outside. 
In  this  envelope  are  filed  all  watt-hour  meter  lest  forms  and  records  of 
installation  and  removal  pertaining  to.  that  meter.  The  date  of  purchase 
of  the  watt-hour  meter  and  the  dates  when  tests  were  ordered  and  per- 
formed are  stamped  on  the  outside. 

Some  companies  keep  a  record  of  their  meters  and  of  their  con- 


METER  TO  aE  TESTED 


■  I  "*  l~- 1  -  l-g-E 


Pig.  34  t.— Wat 


sumers  on  numerical  and  alphabetical  index  cards,  usually  designated 
as  the  numerical  and  alphabetical  indices.  The  numerical  index  contains 
a  card  for  each  separate  watt-hour  meter,  and  the  cards  are  filed  numeri- 
cally, according  to  the  company's  serial  numbers.  The  card  gives  the 
capacity  of  the  meter,  and  similar  data,  also  the  name  and  address  of  the 
consumer  in  whose  premises  it  is  installed   (Fig,  J48). 

The  alphabetical  card   includes  the  name  and  address  of  the  consumer 
and  is  filed  alphabetically  or  geographically.    Upon  this  card  are  entered    j 
(he   numbers  and   other   data  of  all    the   watt-hour  meters   installed    ■ 

's  premi.'ies  (Fig.  349).  ■ 


SOS 


ELECTRICAL   METERMAN'S   HANDBOOK 


NUMERICAL  MCTCR   RCCORD 


WATT-HOUR   METER   RECORDS  509 

indices  to  locate  the  premises  in  which  the  meter  is  installed,  and  vice 

All  companies  should  enter  the  results  of  their  watt-hour  meter 

Address    

Natne    

Occupied  as 

Meter   No 

Sine  Make  

Location  

Remarks 

Installed jp/ Route  No 


METEH 

RECORD 

" 

B.C 

.JSL. 

«-™. 

JlS^, 

™™ 

1  1      1' 

19. — Geographical  ai 


IT  W»n-hijiu-  Meter  Record. 


tests  on  suitably  prepared  system  test  forms  (Fig.  350),  which  should  b 
csrefuHy  filed  for  future  reference.    Some  companies  use  a  separate  shei 
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DATE  190. 
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card  (Fig.  351).  Some  companies  enter  in  detail  a  record  of  all  adjust- 
ments, sometimes  employing  a  code  to  abridge  the  work,  while  others 
enter  only  the  bare  results  of  the  test,  omitting  any  details  of  adjustment, 
or  other  data  (Fig.  352). 

It  is  probably  more  desirable  to  err  on  the  side  of  too  much  informa- 
tion than  too  little,  and  the  suggestion  is  made  that  not  only  should  the 
results  of  the  tests  be  entered,  but  also  sufficient  information  to  explain 
the  cause  of  any  inaccuracy  in  the  meter  and  the  adjustment  necessary 
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to  recalibrate  it.  A  record  of  the  meter  stock  may  be  kept  on  a  form 
similar  to  Fig.  353. 

The  warrantable  expense  and  trouble  in  which  each  company  can 
involve  itself  must  be  left  to  individual  judgment,  and  no  recommenda- 
tion accompanies  the  suggestive  exhibition  of  forms  given  here,  the  idea 
being  to  cover  the  range  from  the  simple  to  the  elaborate,  allowing  the 
company's  policy  to  dictate  the  detail  to  be  included  in  each  case. 

Uniformity  in  size  and  form  of  all  records  should  receive  far  more 
study  and  consideration  than  it  usually  does,  from  the  standpoint  of  the 
printing,  the  paper  waste  and  general  convenience  and  economy.  It  is 
therefore  suggested  that  a  basis  be  established,  consisting  say  of  the  conn 
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The  United  Electric  Light  and  Power  Company 
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pany's  letter  head,  which  is  8  inches  by  10V2  inches,  and  that  ail  records 
be  made  of  such  sizes  as  to  be  fractional  or  multiple  parts  of  this  sheet. 
A  more  convenient  size  of  letter  head  has  recently  come  into  use,  namely 
7%  inches  by  loVi  inches,  which  folds  with  two  horizontal  folds  and  fits 
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snugly  into  an  envelope  7V2  inches  by  4  inches.  This  size  multiplies,  or 
divides,  conveniently  into  thirds,  or  other  fractional,  or  multiple  sizes, 
which  have  a  desirable  relation  to  the  company's  letter  heads. 
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shows  the  tendency  of  some  to  view  a  broad  subject  "  through  a  small 
bunghole/'  or  else  an  inclination  toward  egotism,  is  the  omission  on  the 
records  of  any  reference  to  the  company's  name,  or  location.  In  view  of 
the  cooperative  attitude  assumed  by  companies  in  the  distribution  of 
information  and  interchange  of  ideas,  and  of  the  desirability  of  com- 
pleteness, this  matter  should  not  be  overlooked. 

In  the  present  exhibit  of  forms,  the  desirable  features  just  dis- 
cussed could  not  be  exemplified,  as  the  records  were  collected  from  vari- 
ous companies,  some  of  whom  have  requested  the  elimination  of  their 
name,  and  as  the  necessary  reduction  to  proper  printing  size  precludes  any 
relation  of  sizes  in  the  figures,  if  it  had  existed  in  the  originals. 


COMMONWEALTH   EDISON   COMPANY. 
METER  STOCK   RECORD 


MAKE. 


.  TYPE AMPERES . 


VOLTS . 


,  WIRE PHASE 


DATE 


CHARGES 


CREDITS 


METERS 
BOUGHT 


METERS  CUT  OFF 


DIST. 


DIST. 
C 


DIST. 
D 


DIST. 

B 


TOTAL  I 


METERS 
SOLD 


METERS  INSTALLED 


DIST. 
A 


DIST. 
C 


DIST. 
D 


DIST. 

E 


BALANCE 

METERS 

IN  STOCK 


TOTAL! 


Fig.  353- — ^Form  for  Watt-hour  Meter  Stock  Record. 

The  following  is  a  list  of  the  several  entries,  one  or  more  of  which 
have  been  used,  on  the  forms  of  meter  test  record  cards,  by  different 
companies,  but  it  omits  such  items  as  are  obviously  of  local  interest  only: 
and  from  this  list  any  company  can  prepare  its  own  meter  test  record 
card  to  fit  its  local  conditions. 


Local  Data 

Name   of   Company;    Date 19. 

Card  No.  or  Slip  No ;     District 

Station ;    Route ;    Order   No. 

Trip    No ;    Ledger ;     Page 

Folio    No ;    Bookkeeper 

Cost    of    Repairs 


Test 


•  • 


•  9 


•  t 
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Consumer 


Name    ;    Address   

Occupied  as ;  Character  of  Place 

Business ;  Time  entered  premises, 


a.  m.     rn-        i  e^  3^'   ni. 

Time  left  premises ; 

p.  m.  p.  m. 


Service  and  Load 


Alternating  Current  or  Continuous  Current •, 

Volts,    pos.    side ;    neg.    side ;    outside. 

e      .        „,.  .  two-wire 

Service    Wiring  ^, 

three-wire 

,,  „..  .  two-wire 

House    Wiring 

three-wire 


Kind  of  Load  or  Installation. ; 

Connected  Load ;  Lamps ;  8  c-p ; 

16  c-p ;  32  c-p watts 

Motors ;    Arc    Lamps ; 

Fans ;    Heating    Device ; 

Miscellaneous  or  Special. . . ;  Normal  Load ;  kw ; 

Estimated  Average  Load  in  Amperes ; 

State  What  Current  is  Necessary  to  Carry  Full  Load ; 

Motor  Current ;  Inrush ;  Power-Factor ; 

r-        J  TT  t»f  Tested  Clear; 

Ground   on   House   Wire ..;    r-         j 

Ground 

Short    Circuits 


Meters 

Serial  or  Company's  No ;    Shop  or  Manufac- 
turer's No ;    Catalog  No ;     Style  No 

Name  of  Meter  or  Maker ;    Type 

Form    ;     Wire ;     Phase 

Capacity — Amperes ;     Volts ;     Location    of 

Meter:  Erected  on ;     In ;     Occupied  as 

Good ;    Bad..;    Damp ;    Dusty 

Accessible  ;     Inaccessible  

Used  for   Lighting ;    Power 

One  Division  of  First  Dial  Equals 
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Constant  an©  Ratios 

Test  Constant   (K^) ;  Watt-hour  Constant   (K^)  . , 

Watt- Second  Constant  ( K^ ) . . .  ;  Register  Constant  (K^) 

Register  Ratio   (R,) ;  Gear   Ratio    (R,) , 

Current   Transformer   Ratio...;  Voltage   Transformer   Ratio. 


Meter  Test 

Meter  as  Found ;     Meter  as  Left 

As     Found ;     As     Left ;    Found 

Left ;    or  Test  Before  Adjustment. . . . , 

Test    After    Adjustment 


Per    Cent    Load 

Standard    Volts    

Standard    Amperes    

Standard   Watts    

Meter   Watts    

Revolutions     

Seconds 

Error  or  Difference  in  Watts 

j  Fast 
(  Slow    . . 

Percentage    of   Accuracy 

Average   Error  in   Per   Cent. 


1 


Error  in  Per  Cent 


Observed  Revolutions- 


y  Indicating  Instruments 


Revolution   of   Rotating   Standard -^ 

Revolution  of  Meter    (Correct   Number) 

Revolution  of  Meter   (Actual) 

Percentage    of    Accuracy 

j  Standard  (a) 
*""  (  Meter         (b) 

rr-s        T^    .     T^       1     •  \  Standard  (a) 

True  Ratio  Revolutions-  j  ^^^^^       ^^^ 

Percentage  of  Accuracy  equals  (b)  divided  by  (a). 
Standard  Revolutions  times  Test  Constant 

(Equals  Standard  Watts) 

Meter  Revolutions  times  Test  Constant 

(equals  Meter  Watts)    

Percentage    of    Accuracy ^ 


Rotating  Standards 
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Test  Data 

Reason   for   Test ; 

Date  of  Previous  Test. 19. . . ; 

Gass   of    Test:    Periodic,  Initial — Retest, 

Special — Complaint,  Inquiry;  Time  of  Test,  from 

a.m.  a.m. 

;  to 

p.m.  p.m. 

Tested   with  Lamp   Bank;   Storage  Battery;   Water   Rheostat;    Standard 

Lamps  No Transformer,  etc. ; 

Date  Calibrated ;    Consumer's   Load , 

Kilowatt-hours  Used  in  Test 

Method  of  Test ;    Formula  of  Meter , 

Tester    ;    Assistant , 

Checked  by 

Instruments 

Ammeter  No ;    Voltmeter  No 

Millivoltmeter ;     Wattmeter    No 

Stop  Watch ;     Rotating  Standard  No 


Conditions 
As  Found — 

Register     Reading ;     Meter     Scaled ; 

Seal •}  P  ;     Starting    Current ; 

Creeping,  occasional,  continuous,  back,   forward ; 

Creep  Due  to ;     Rate  of  Creep ; 

Rev Min Sec Hours  per  Day ; 

Watt-hours  per  Day ;     Errors   on    Starting ; 

Load Per    Cent ;    Leveled ; 

Shunt  Wire  Soldered ;  Tested  Field  in  Shunt  Coil ; 

Condition  of  jewel,  pivot,  top  bearing,  gear,  worm  gear,  field  coil,  shunt 

coil,    resistance,    armature,    commutator,    brushes    dial    hands    disk,    in 

general. 

As  Left- 
All  items  under  "  As  Found,"  and  also  the  following : 
Brush  tension — light,  medium,  heavy,  right  and  left;  Adjusted — shunt 
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bearing,  brushes;  Changed — ^jewel,  shaft,  pivot,  disk;  Cleaned — commuta- 
tor, brushes,  magnets,  gears;  Jewel— cup  diamond,  sapphire,  ball  bear- 
ing; Increase  of  Volts  Above  Normal  to 

Cause   Creep ;    Meter    Left ; 

Service  Left 

Space  for  remarks  on  the  sheet  or  card  should  always  be  supplied; 
and  in  some  cases  where  only  one  side  of  the  sheet,  or  card,  is  used,  re- 
marks may  be  put  on  the  back. 

In  order  to  lessen  the  work  of  recording  the  adjustments,  et  cetera, 
various  codes  have  been  adopted,  one  of  which  is  as  follows: 


Code 


A. 

Armature. 

M. 

Magnets. 

B. 

Brushes. 

N. 

Wing  Nut. 

C. 

Commutator. 

O. 

Cover  (The  "Outside.") 

CC. 

Compensating  Coil. 

P. 

Phasing  Coil  or  Coils. 

D. 

Disk. 

Q. 

Shunt  Circuit,  Secondary. 

E. 

Shaft  End. 

R. 

Resistance. 

F. 

Field  Coils,  Main  Coils. 

S. 

Shaft. 

G. 

Gearing  in   Register. 

T. 

Top  Bearing. 

H. 

Dial  Hands. 

U. 

Wiring  (Conditions,  Size, 

I. 

Impedance  Coil. 

Etc.) 

J. 

Jewel. 

V. 

Vibration. 

K. 

Compensator. 

W. 

Worm. 

L. 

Level,  Leveled. 

W.W. 

Worm  wheel. 

The  terms  generally  used  on  the  meter  test  cards  have  also  been  abbre- 
viated, such  as  "Adj."   Adjusted;   "Br."  Bridged,  ct  cetera. 

It  is  very  desirable  to  tabulate  the  meter  accuracy  tests  for  the 
purpose  of  determining  the  number  that  arc  w^ithin  certain  limits  of 
accuracy:  also  the  number  fast  and  slow  on  both  full  and  light  loads. 
This  can  be  tabulated  separately  for  each  type  and  make  of  meter.  By 
this  means,  companies  are  enabled  to  keep  accurate  records  not  only  of 
the  meters,  but  of  the  efficiency  of  the  meter  department     See  Chapter  X, 
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CHAPTER   XII 
Reading  of   Service  Watt- hour   Meters 

The  reading  of  service  watt-hour  meters,  or  recording  of  the  con- 
sumption of  electrical  energy  used  by  the  consumers,  as  shown  by 
the  registration  of  the  watt-hour  meter,  is  accomplished  by  different 
methods  in  different  companies.  Most  of  the  small  companies  read 
all  of  their  watt-hour  meters  during  the  last  few  days  of  the  month, 
and  the  bills  are  presented  about  the  first  of  the  following  month. 
Larger  companies  divide  their  territory  into  districts,  reading  one 
or  more  districts  each  day,  and  the  bills  for  the  month's  consump- 
tion are  presented  as  soon  as  possible  after  the  meters  are  read.  It 
is  desirable  that  certain  watt-hour  meters,  such  as  meters  in  theaters, 
be  read  weekly,  and  some  special  meters  are  read  only  on  the  last 
day  of  the  month  for  the  convenience  of  consumers  who  desire  to 
keep  their  accounts  by  the  calendar  month. 

Whether  bills  are  all  made  out  at  the  end  of  the  month,  or  are 
distributed  over  the  entire  period,  the  invoice  covers  a  period,  usually 
approximately  one  month,  previous  to  the  date  of  reading  and  the 
consumer  is  allowed  a  certain  time,  usually  ten  days,  in  which  to 
discount  his  bill  for  prompt  payment. 

When  a  company's  growth  would  so  indicate  it  may  be  policy  to 
change  from  the  system  of  reading  all  meters  at  the  end  of  the 
month  to  that  of  reading  a  certain  number  each  day.  Some  com- 
panies adopt  an  intermediate  stage,  and  divide  their  territory  into 
four  districts,  reading  one  district  during  part  of  each  week  and  bill- 
ing during  the  remainder  of  the  week,  effort  being  made  to  always 
read  each  meter  on  corresponding  days  of  each  month.  When  changing 
to  the  daily  system  of  reading,  it  is  advisable  to  divide  the  city  into 
not  more  than  twenty-four  parts.  The  month  generally  contains 
twenty-six  working  days,  and  the  last  two  days  are  then  available 
for  special  readings,  delayed  readings  and  other  incidental  matters. 

Two  methods  are  used  for  the  recording  of  the  readings  by  the 
meter  readers — recording  the  readings  directly  in  figures,  or  mark- 
ing the  positions  of  the  dial  hands  on  a  printed  facsimile  of  the  dia^ 
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Fig.  354.  —  Form  for  Entering 
Register  Reculings  of  Watt-hour 
Meters,  by  the  Positions  of  the 
Dial  Hands.  The  semi-circles 
at  the  edge  are  punched  out  for 
the  different  routes,  et  cetera, 
and  indicate  when  a  card  is 
misplaced. 


Fig.  3SS- — Form  for  Entering  Register  Readings  erf  Watt* 
hour  Meters,  in  Figures.  The  cards  are  indexed  by 
shearing  off  from  the  bottom  all  letters  following  the 
initial  of  the  consumer. 


reading  can   be  made   with   more   facility,   the   billing   is   somewhat 

expedited    and    the    system    is    less    cumbersome.     The    advantages 

"laimed  for  the  second  method  are  that  men  less  skilled  can  read  the 

neters,  and  the   readings   furnish  a  complete  record  of  the   move- 
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ment  of  the  dial  hands,  which,  in  the  case  of  complaint  originating 
on  account  of  loose,  or  misplaced  dial  hands,  may  be  of  service  in 
adjusting  the  matter.  The  first  method  meets  with  the  most  uni- 
versal approval,  and  is  used  by  the  majority  of  companies. 

Different  styles  of  printed  forms  for  recording  the  register  readings 
are  used  (Figs.  354  to  358).  It  is  usually  customary  to  provide  for 
each  watt-hour  meter  a  separate  card  or  sheet,  designed  for  one  year's 
readings  or  more.  It  is  preferable  that  they  be  not  permanently  bound 
in  book  form,  as  loose  bound  sheets  can  be  arranged  in  the  order 
in  which  the  watt-hour  meters  are  to  be  read,  the  sheets  for  any  meters 
removed  can  be  taken  out  of  the  binding  and  the  sheets  for  any  meters 
added  can  be  inserted  in  their  proper  positions.  When  meters  are 
disconnected  but  not  removed,  it  is  best  to  leave  the  sheets  for 
these  meters  in  the  binding,  so  that  the  meters  may  receive  period- 
ical inspection.  Some  compute  the  kilowatt-hours  on  the  same  sheet 
referred  to  above,  while  others  prefer  not  to  do  so,  as  there  may 
be  at  times  no  record  of  the  reading  in  the  office. 

It  is  considered  advantageous  to  alternate  the  meter  readers  in 
the  different  routes  or  sections,  so  that  no  man  reads  the  same  route 
two  months  consecutively. 

A  desirable  plan  is  to  have  each  meter  reader  submit  a  daily  re- 
port, which  gives  the  elapsed  time  between  reading  the  first  and  last 
meter  that  day,  the  number  of  meters  read,  and  a  list  of  any  meters 
on  the  route  not  read,  with  the  reason  for  omission. 

The  following  method  is  used  by  one  company :  "  The  city  is 
divided  into  sections,  each  book  covering  a  section,  and  the  meter 
readers  receive  1%  cents  for  each  meter  read." 

Most  of  the  later  type  of  watt-hour  meters  read  directly  in 
kilowatt-hours,  and  are  known  as  direct  reading  meters.  The  relative 
movement  of  the  dial  hands  is  in  10  to  i  ratio,  so  that  a  complete 
revolution  of  any  one  is  equal  to  one-tenth  of  a  revolution  of  the 
next  slower  moving  dial  hand  or  one  division  of  the  corresponding 
dial.    The  dial  hands  of  adjacent  dials  turn  in  opposite  directions. 

Watt-hour  meters  which  require,  in  order  to  obtain  the  required 
readings,  that  the  dial  reading  be  multiplied  by  a  register  constant 
other  ^an  unity  are  known  as  non-direct  reading  meters. 

It  will  be  noted  by  inspection  of  the  accompanying  illustrations  of 
the  various  manufacturers'  dial  faces  that  a  great  variety  exists  in 
the  markings,  the  number  of  dials  and  the  arrangement  of  dials. 

The  desirability  of  the  adoption  of  some  standard  dial  face  will  be  very 
apparent  after  a  perusal  of  the  various  instruments  for  reading  watt- 
hour  meters,  cited  in  this  chapter  (Chapter  XVIII). 
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It  will  be  noted  that  many  companies  are  removing  the  most  rap- 
^ly  moving  hand  from  the  five  dial  meters,  sometimes  obliterating 
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this  dial  entirely  by  means  of  a  red  or  black  sticker  or  blank  paper 
disk  pasted  over  the  dial. 

To  simplify  the  reading-  of  meters  having  different  values  of  one  divi- 
sion of  the  first  dial,  one  company  has  adopted  a  sticker,  shown  in  Fig. 
359,  which  is  used  to  block  out  the  first  dial  of  all  meters  vi^here  one 
division  is  other  than   one  kilowalt-hoiir.     If  one  division  of  the  first 
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dial  is  equal  to  10  kilowatt -hours,  the  sticker  as  shown  is  tised;  and,  as 
will  be  seen,  its  marking  shows  clearly  the  ciphers  to  add  lo  obtain  ihe 
desired  reading.  This  sticker  is  colored  red  lo  bring  it  forcibly  to  the 
reader's  attention.  On  meters  where  one  division  of  ibe  first  dial  equals 
100  watt-hours,  this  same  sticker,  with  reversed  side  out,  which  is  blank, 
is  ttsed  over  the  first  dial,  and  the  hand  is  removed.  By  this  system,  all 
readings   ure  readily  obtained   in  kilowall  hiiiirs   williout   ihe   use  of  con- 
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To  obtain  the  regtBter  reading,  it  is  necessary  to  note  the  value  indi- 
cated by  each  dial  hand,  beginning  with  the  first  dial  hand  and  writ- 
ing the  result  from  right  to  left.  Owing  to  the  close  attention  re- 
quired, and  the  possibility  of  errors  caused  by  the  parallax,  it  is  neces- 
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Enterine  R(«ister  Reading  of  Watl-hi 


sary  to  read  each  dial  hand  (except  the  first  one) 
with  the  one  of  the  next  higher  speed  of  rotation.  As  a  general  rule 
it  may  be  stated  Ihat  when  a  dial  hand  stands  between  any  two 
numbers  on  a  dial,  the  luwer  number  is  read,  unless  there  is  a  slight 


ii  lot  Altering  th«  Value  of  ttic  Divliions  of  Ihc  Right  Han 


Dill. 


misplacement  of  the  dial  hand,  which  should  be  checked  by  refer- 
ence to  the  next  more  rapidly  moving  dial  hand,  as  just  suggested. 
As  an  assistance  in  explaining  this  possibility  of  reading  the  meter 
incorrectly,  the  analogy  of  the  hands  of  a  clock  may  be  used.     The 
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hour  hand  is  never  read  on  any  hour  until  the  minute  hand  has  made 
its  complete  revolution,  corresponding  to  that  hour. 

Under  no  circumstances  should  any  register  constant  be  used 
unless  indicated  on  the  meter  dial  face. 

It  should  be  the  earnest  endeavor  to  instruct  consumers  how  to 
read  their  service  watt-hour  meters,  and  in  the  event  of  the  reader 
being  unable  to  gain  access  to  the  premises,  an  addressed  return 
postal  card  may  then  be  forwarded  to  the  consumer,  with  the  request 
that  he  mark  the  position  of  the  dial  hands  on  the  facsimile  of  the 
dial  plate  printed  on  the  postal  card,  and  mail  the  postal  card  to 
the  company. 

The  form  used  for  this  postal  card  and  the  success  attained  by 
one  company  by  its  use  is  indicated  below  (Figs.  360,  361  and  362)  : 

Care  should  be  taken  that  postal  cards  of  this  nature  are  made  of  a 
size  not  larger  than  allowed  as  first-class  matter  by  the  government,  and, 
if  a  return  portion  is  attached,  it  must  be  the  governmental  card  with  the 
one  cent  stamps  imprinted  on  it  in  order  to  save  postal  difficulties  and 
the  labor  of  stamping. 

Total  number  of  postal  cards  sent  out 2,681 

Total  number  of  postal  cards  which  were  re- 
turned "read"  by  consumers    1,137  or  42.4% 

Total  number  of  postal  cards  returned  not 
"  read,"  but  stating  when  access  could  be  ob- 
tained  to   apartment    501  or  18.7% 

Total  number  of  postal  cards  unaccounted   for     1,043  or  38.9% 


Total  number  of  postal  cards  accounted  for 1,638  or  61.1% 


Where  difficulty  is  experienced  in  reading  because  the  occupants  are 
absent,  farther  suggestions  are  made: 

1.  That  a  time  for  reading  be  arranged  with  the  consumer,  either  by 
letter,  telephone,  or  return  postal  card,  as  suggested  above. 

2.  That,  in  certain  cases,  a  key  be  obtained  and  kept  in  the  meter 
department,  in  which  case  the  key  should  be  numbered  only,  so  that  the 
consumer's  name  and  address  does  not  appear  upon  it.  This  will  pre- 
vent trouble  in  case  the  key  is  lost. 

3.  That  the  minimum  charge  be  billed  month  by  month  against  such 
meters  until  the  reading  can  be  obtained,  and  a  balance  made  at  that  time. 

4.  That  a  prepayment  meter  would  be  of  advantage  in  such  cases. 
Various  methods  of  presenting  to  the  consumer's  attention   th< 
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Dear  Sir: 

Our  inspector  has  called  at  your  premises  several  times  to 
obtain  a  reading  of  the  electricity  meter,  but  has  been  unable  to 
gain  admission.  Kindly  notify  us  by  telephone  or  by  return  card 
attached  hereto  when  your  meter  can  be  read. 

If  an  appointment  cannot  be  made,  and  you  will  indicate  the 
reading  of  your  meter  by  filling  in  the  position  of  the  hands  in  the 
blank  dials  on  attached  postal  card  and  mail  to  us,  we  will  render 
you  a  bill  therefrom  subject  to  correction  at  our  next  reading. 

COMMONWEALTH  EDISON  COMPANY. 

METER  DEPARTMENT. 
Telephone   Randulph   1280. 


Fig.  360.  -Return  Postal  Card. 


instructions  for  reading  his  electricity  meter  have  been  devised  by 
the  different  companies,  some  using  cards  attached  to,  or  near,  the 
meters,  and  others  embodying  them  in  a  general  handbook  of  infor- 
mation for  the  consumer.    The  latter  method  seems  to  be  most  popu- 
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Name , 
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Meter  can  be  read  on 
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Day. 


., Account  No. 


CUSTOMER'S  READING. 
Leave  left  hand  dial  blank  if  meter  has  only  four  dials. 
Meter  No. 


Date  Read 


Fig.  361. — Rettirn  Postal  Card.    Return  Portion. 
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lar,  and  examples  of  the  text  and  presentation  by  both  methods  are 
cited  below. 
A  thick  card  may  be  prepared  with  a  hole  at  the  top  or  other  con- 
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Fig.  362. — Return  Postal  Card.     Return  Portion. 

venient  means  provided  for  the  attachment  in  a  conspicuous  posi- 
tion at  or  near  the  meter,  and  with  ilhistrations  of  the  meter  dials  with 
instructions  as  follows: 


HOW    TO    READ    YOUR    METER 

This  meter  records  the  amount  of  electrical  energy  passing 
through  it  in  kilowatt-hours  (the  unit  of  electrical  measurement  equal 
to  1,000  watt-hours).  The  above  cuts  represent  the  various  styles 
of  registering  dials  on  electricity  meters.  Each  division  on  the  first 
right-hand  dial  carrying  a  dial  hand  represents  one  kilowatt-hour 
or  unit.  Starting  with  this  dial  hand,  read  each  dial  hand  to  the  left 
in  succession,  placing  the  figures  in  the  same  order  as  read,  xbeing 
sure  to  take  those  figures  which  the  dial  hand  has  passed.  If  in 
doubt  whether  a  dial  hand  has  actually  passed  a  figure,  note  whether 
or  not  the  next  dial  hand  to  the  right  has  just  passed  zero  (.0), 
remembering  that  no  dial  hand  has  completed  a  division  until  the 
dial  hand  next  to  the  right  has  completed  a  revolution.  The  relatio 
between  the  speeds  of  all  dial  hands  is  10  to  i;  that  is,  one  comple 
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revolution  of  one  dial  hand  indicates  one  division  on  the  next  dial 
hand  to  the  left.  For  uniformity  the  dial  faces  of  all  meters  (of 
the  same  style)  are  the  same  without  regard  to  capacity,  so  that  in 
some  sizes  a  multiplying  factor  called  a  register  constant  becomes 
necessary.  This  register  constant  is  definitely  established  by  the 
manufacturer  of  the  electricity  meter  and  is  plainly  indicated  on  the 

dial    face   as    "Multiply  by "     If   two   such   constants   appear    on 

the  dial  face,  always  use  the  lesser  one;  if  there  is  none,  then  the 
dials  are  "  direct  reading.''  To  determine  the  number  of  kilowatt- 
hours,  or  units  used,  deduct  "  previous  meter  reading "  frQm  "  pres- 
ent meter  reading "  and  multiply  difference  by  "  register  constant/'  if 
any. 

Learn  to  read  your  meter  and  compare  the  **  present  reading/'  as 
given  on  your  bill  with  the  register  reading  at  time  of  receiving  bills. 

Some  of  the  presentations  of  instructions  as  issued  in  consumers' 
handbooks  will  now  be  given,  which  may  be  used  as  a  basis  for 
similar  handbooks  or  as  examples  for  the  instruction  of  meter 
readers. 

Instructions  as  applied  to  various  types  of  watt-hour  meters  arc 
given  below: 

"The  following  directions  should  be  carefully  followed: 

"  The  dial  hand  on  the  right-hand  dial  of  a  five-dial  meter  regis- 
ters one-tenth  of  a  kilowatt-hour,  or  lOO  watt-hours,  for  each  division 
of  the  dial.  A  complete  revolution  of  the  dial  hand  of  this  dial 
will  move  the  dial  hand  of  the  second  dial  one  division  and  register 
one  kilowatt-hour,  or  i,ooo  watt-hours.  A  complete  revolution  of 
the  dial  hand  of  the  second  dial  will  move  the  third  dial  hand  one 
division  and  register  lo  kilowatt-hours,  or  10,000  watt-hours,  and  so 
on.  Accordingly,  read  the  dial  hands  from  left  to  right  and  add  two 
ciphers  to  the  reading  of  the  lowest  dial  to  obtain  the  register  read- 
ing of  the  meter  in  watt-hours.  Where  there  are  four  dials  on 
the  meter,  the  dial  hand  on  the  right-hand  dial  registers  one  kilo- 
watt-hour, or  1,000  watt-hours,  for  each  division  of  the  dial,  and  it 
is  necessary  to  add  three  ciphers  to  the  reading  of  the  lowest  dial 
to  obtain  the  register  reading  in  watt-hours,  or  the  meter  reads 
directly  in  kilowatt-hours.  The  dial  hands  should  always  be  read 
as  indicating  the  Rgure  which  they  have  last  passed,  and  not  the  one 
to  which  they  are  nearest.  Thus,  if  a  dial  hand  is  very  close  to  a 
figure,  whether  it  has  passed  this  figure  or  not,  must  be  determined 
from  the  next  lower  dial.  If  the  dial  hand  of  the  lower  dial  has 
jst  completed  a  revolution,  the  dial   hand  of  the  higher  dial   has 
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passed  the  figure,  but  if  the  dial  hand  of  the  lower  dial  has  not 
completed  a  revolution,  the  dial  hand  of  the  higher  dial  has  not  yet 
reached  the  figure,  even  though  it  may  appear  to  have  done  so. 
When  one  dial  hand  is  on  9,  especial  care  must  be  taken  that  the 
dial  hand  of  the  next  higher  dial  is  not  read  too  high,  as  it  will 
appear  to  have  reached  the  next  number,  but  will  not  have  done  so 
until  the  dial  hand  at  9  has  come  to  o, 

"The  dial  hands  on  adjacent  dials  revolve  in  opposite  directions, 
therefore  a  reading  should  always  be  checked  after  being  written 
down,  as  it  is  easy  to  mistake  the  direction  of  the  rotation. 


Pic.  36J. — Readins  i,iSS.{>(»  W&tt-houn. 

■■  To  determine  the  consumption  for  a  given  time,  subtract  the  register 
reading  at  the  beginning  of  the  period  from  the  register  reading  at  the 
end.  Always  observe  If  a  register  constant  is  marked  at  the  bottom 
of  the  dial  face.  If  so,  the  difference  of  the  register  readings  must  be 
multipled  by  this  register  conslant  to  obtain  the  registration. 

"  It  is  the  practice  of  the  company  to  read  all  five-dial  meters  as 
four-dial  meters,  dropping  the  reading  of  the  lowest  dial  and  the  two 
ciphers  following  it,  so  as  to  give  all  results  in  even  kilowatt-hours. 
If,  however,  the  pieter  has  a  register  conslant  of  10  or  multiple  thereof, 
the  reading  of  the  lowest  dial  is  still  retained."     (Figs.  363  to  366.) 

Instructions  as  applied  to  Duncan  Model  A  watt-hour  meters  are 
given   below    (Fig.   367). 

"To  correctly  read  the  sum  indicated  on  the  dials  by  the  dial 
hands  of  a  kilowatt-hour  meter,  these  instructions  should  be  carefully 
followed:  ^ 
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"The  values  (i.ooos,  loos,  los,  is,  Tenths)  over  the  dials  refer  to 
the  divisions  of  the  circle  over  which  they  stand. 

"  Therefore,  a  division  on  the  dial  to  the  extreme  right  indicates 
one,  two,  three  or  four  Tenths  of  a  kilowaEt>hour,  while  a  complete 
revolution  of  the  .dial  hand  would  be  to  Tenths,  or  one  kilowatt- 
hour,  and  will  have  moved  the  dial  hand  on  the  second  dial  one 
division  (i  kilowa(t~hour). 

"Thus  in  reading  Kxamplc  Nn.  I.  the  indication  on  the  first  dial 


Pig.  364. — Reading  1965.9  Kilowatt-boun. 

(that  on  the  extreme  right,  or  that  with  the  most  rapidly  moving 
dial  hand)  indicates  .1  (one-tenth);  the  next  (is),  indicates  i;  the  next 
(los),  indicates  I;  and  next  (lOOs),  indicates  I,  and  the  remaining  dial 
(l.OQOs),  also  indicates  I,  making  the  total  register  reading  iiii.i,  or  a 
registration  of   IlII.i   kilowatt -hours.     (See  Chapter   XV.) 

''  A  dial  hand  to  be  read  as  having  completed  the  division  must  be 

confirmed  by  the  dial  before  it   (to  the  right  or  the  one  with  the 

next  most   rapidly    moving  dial  hand).     It  has   not   completed   the 

division  on  which  it  may  appear  to  rest,  unless  the  dial  hand  before 

^  it  has  reached  or  passed  o,  or,  in  other  words,  completed  a  revolu- 
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tion.     Therefore,    it    is  always  advisable   to   read    dials   from   right 
to   left. 

"  In  reading  Example  No.  2,  the  indication  on  the  first  dial  indi- 
cates .9  (nine-tenths).  The  second  dial  hand  apparently  rests  on  o, 
but  since  the  first  rests  only  on  .9,  and  has  not  yet  completed  its 
revolution,  the  second  dial  hand  also  indicates  g.  This  9,  placed 
before  the  .9  already  obtained,  gives  9.9.  This  is  also  true  of  the 
third  dial.     The  second  dial  hand  at  9  has  not  yet  completed   its 


Fig.  365.— Reading  0.A99  Kilowatt-houn. 

revolution,  so  the  third  has  not  completed  its  division;  therefore, 
another  9  is  obtained,  making  99.9.  The  same  is  true  of  dial  four, 
thereby  making  the  total  registration  999.9  kilowatt-hours.  When 
ihc  dial  hand  on  the  first  dial  (extreme  right)  completes  its  revolu- 
tion, or  reaches  o,  then  tlie  registration  will  be  1,000  kilo  watt -hours. 

"The  dial  hands  are  sometimes  slightly  misplaced.  In  Example 
No.  8  the  first  dial  (ihe  extreme  right)  reads  o  (no  tenths).  The 
hand  of  the  second  dial  is  misplaced.  As  the  first  indicates  o,  the 
second  should  rest  exactly  on  a  division;  therefore  it  should  have 
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reached  8.  The  three  remaining  dial  hands  are  correct  and  the  entire 
reading  represents  a  total  registration  of  9928.0  kilowatt-hours. 

"  In  Example  No.  9  the  second  dial  hand  is  misplaced,  for  since 
the  first  indicates  .1  (one-tenth),  the  second  should  have  just  passed 
a  division.  As  it  is  near  to  8,  it  should  have  just  passed  that  figure. 
The  remaining  three  dial  hands  are  approximately  correct.  The 
total  registration  is  99:8.1  kilowatt-hours. 

"In  Example  No.  10  the  second  dial  hand  is  slightly  misplaced 
by  being  behind  its  correct  position,  but  not  enough  to  mislead  the 
reading.     The  total   registration   is  9928.3  kilowatt-hours. 


Flc.  J6fl  — Reading  8.689  Kilowalt-houra. 

"  By  carefully  following  these  directions,  little  difticulty  will  be  ex- 
perienced in  taking  the  dial  reading,  even  when  the  dial  hands  be- 
come slightly  misplaced, 

"These  registers  read  direct  in  kilowatt-hours  (thousands  of  watt- 
hours),  and  as  this  is  the  unit  upon  which  the  rate  of  charge  is 
based,  it  is  obvious  that  no  further  multiplication  is  necessary. 

"The  following  is  an  example  of  making  out  a  bill  on  the  kilo- 
watt-hour basis.  Suppose  the  register  reading  is  21.8  kilowatt-hours 
at  20  cents  per  kilowatt-hour,  or  per  1,000  wait-hours,  which  is  the 
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same  thing,  the  amount  will  be  21.8X20  cents  =  $4.36.  If  the  rate 
is  16  cents,  the  amount  will  be  21.8  X  16  cents  =  $3.48.  If  the  rate 
is  10  cents,  the  amount  of  the  bill  will  be  21.8  X  10  cents  =  $2.18. 


No.l 
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No.  5 


RCAOINQ  0001 


tooo*  too*     to*       1* 


Ne.lO 


RCAOINQ  9263 


tooo*  too*     to*       I* 


Fig.  367. 

"If  the  dial  face  has  'MULTIPLY  BY  10*  marked  on  it,  the 
register  reading  must  be  multiplied  by  lo.  Example:  Register  read- 
ing 46.8  multiplied  by  lo  kilowatt-hours  equals  468  kilowatt-h9urs.*' 

Instructions  as  applied  to  Fort  Wayne  earlier  Type  K  watt-hour  meters 
are  given  below  (Fig.  368). 
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**  The  dials  of  the  meters  for  all  capacities  are  direct  reading,  and 
record  in  kilowatt-hours  (i,ooo  watt-hours). 

"The  figures  (tenths  is,  los,  lOOs  and  i^ooos)  placed  over  each 
dial  represent  the  number  of  units  registered  by  the  passing  of  the 
dial  hand  from  one  number  to  the  next.  A  complete  revolution 
of  the  dial  hand  will  produce  a  travel  of  one-tenth  of  a  revolution 
on  the  next  dial  to  the  left. 

"  By  referring  to  No.  i  it  will  be  seen  that  the  dial  hand  of 
dial  marked  tenths  has  passed  over  nine  divisions,  and  as  the  value 
of  each  division  is  a  tenth  of  a  kilowatt-hour  (loo  watt-hours),  the 
reading  of  the  dial  hand  is  0.9  kilowatt-hours.  The  dial  hand  of  dial 
marked  is  is  pointing  to  6,  but  as  the  dial  hand  of  dial  marked  tenths 


NIA0MQ-lM9.t  KajOWATT.HOUML 


-Itta  lOLOlimTT-HOUM. 


flCA0lllQ-S079M  IUjOWATT-MOUM.  lieAOINO-Sr04eOO  KHJOWATT-HOUIIS. 

Fig.  368. 

h^s  not  completed  its  revolution  the  dial  hand  of  dial  marked  is  has 
not  reached  or  passed  6,  hence  its  reading  is  5  kilowatt-hours.  The 
dial  hand  of  the  dial  marked  los  is  indicating  between  6  and  7, 
hence  its  reading  is  60  kilowatt-hours.  The  dial  hand  of  dial  marked 
lOOs  has  nearly  reached  zero,  but  has  not  completed  its  revolution, 
as  the  dial  hand  of  the  dial  marked  los  has  passed  but  little  over 
six-tenths  of  a  revolution,  hence  the  reading  of  dial  hand  marked 
lOos  is  900  kilowatt-hours.  The  dial  hand  of  the  dial  marked  i,ooos 
is  pointing  to  2,  but  has  not  reached  2,  as  the  dial  hand  of  dial 
marked  lOOs  has  not  completed  its  revolution,  hence  the  reading  of 
dial  hand  marked  i,ooos  is  1,000  kilowatt-hours. 

"  By  adding  the  reading  of  the  different  dial  hands  we  obtain  the 
total   1,965.9  kilowatt-hours. 

"  By  referring  to  Nos.  2,  3  and  4.  which  are  given  as  examples, 
and  by  following  carefully  the  same  method  of  reading  as   given 
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above,  we  obtain  from  No.  2  — 1,282  kilowatt-hours;  No.  3  —  307,260 
kilowatt-hours  and  for  No.  4  —  9,704,500  kilowatt-hours. 

"  In  taking  the  register  reading  by  the  above  method  it  will  be  noted 
that  it  is  essential  to  consult  the  dial  to  the  right  in  determining 
the  correct  position  of  the  dial  hand  of  the  next  dial  to  the  left, 
hence  it  is  advisable  to  read  from  right  to  left. 

"  By  following  carefully  the  directions  as  outlined  no  difficulty  will 
be  experienced  in  determining  the  correct  reading  of  any  meter.  As 
no  register  constants  are  used  on  these  watt-hour  meters,  the  energy 
measured'  is  read  direct  from  the  dial  hands." 

The  following  are  instructions  issued  for  the  reading  of  one  type  of 
Westinghouse  watt-hour  register: 

'*  In  reading  the  upper  register  reading  shown  in  Fig.  369,  the  first  of 
unit  dial  is  first  read,  the  result  being  i.  The  tens  dial  follows.  The 
dial  hand  has  passed  the  8,  but  is  near  the  division  mark  and  a  reference 
to  the  units  dial  shows  that  the  dial  hand  has  made  one-tenth  of  a 
revolution  since  the  tens  dial  hand  reached  the  8th  division;  the  reading 
is  therefore  taken  as  8,  or  a  total  of  the  two  dials  of  81. 

"  On  the  hundreds  dial  the  dial  hand  is  midway  between  5  and  6.  It 
cannot  be  read  6  until  the  dial  hand  on  the  tens  dial  has  completed  the 
revolution  of  which  eight-tenths  has  been  covered;  consequently,  the  dial 
hand  on  the  htmdreds  dial  passed  five  last,  and  is  so  read,  the  total  of  the 
three  dials  being  581. 

"  On  the  thousands  dial  the  dial  hand  is  midway  between  i  and  2,  and 
will  not  read  2  until  the  dial  hand  on  the  hundreds  dial  traverses  the 
remaining  distance  between  5  and  o.  The  reading  is  accordingly 
taken  as  i,  the  total  of  all  dials  being  T.581,  the  total  consumption 
registered,  1,581  .kilowatt-hours. 

"  On  the  middle  and  lower  registers  it  will  be  noted  that  the  capacity 
is  greater.  In  the  middle  register  the  dial  on  the  right  is  the  tens  dial ; 
therefore  a  zero  is  placed  in  units  column  and  the  lowest  number — 5— 
written  in  tens  place.  The  other  dials  are  read  as  previously  explained. 
If  desired  a  reading  of  units  may  be  taken  on  tens  dial  as  follows:  Each 
division  on  the  tens  dial  represents  a  consumption  of  10  kilowatt-hours, 
and  since  the  dial  hand  has  passed  over  about  six-tenths  of  one  of  these 
divisions,  the  figure  six  may  be  written  in  units  place,  or  a  reading  of  56 
kilowatt-hours  for  the  tens  dial. 

"  The  necessity  for  reading  each  dial  in  conjunction  with  those  of 
lesser  capacity  is  shown  in  the  lower  register  in  which  the  dial  hands  of 
all  dials  are  near  or  upon  the  division  lines  which  indicate  the  numbe** 
to  be  read." 

Many  companies,  those  selling  electrical  energy  under  a  deman 
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■nergy  charge  schedule,  are  of  necessity  using  some  form  of 
1  load  indicator.     (Sec  Chapter  XVII.) 
The  following  instructions  regarding  the  reading  of  the  maximum 
load  indicators,  as  issued  by  one  company,  may  be  utilized  as  sug- 
gested   above   in   connection  with   the    examples  of   instructions   in 
reading  of  motor  type,  wait-hour  meter  registers   (Fig,   370)  : 

"  The   full,  or  demand,   rate  portion  of  the   bill   is  determined   by   the 
readings  of  the  maximum  load  indicators.    These  indicators  have  a 


double  scale.  The  left-hand  scale  shows  the  maximum  current  used 
in  amperes  and  the  right-hand  scale  shows  the  kilowatt-hours  for 
which  the  consumer  must  pay  at  full  rate.  The  reading  of  the  indi- 
cator is  shown  by  the  height  of  the  liquid  in  the  tube  and  is  taken 
from  the  kilowatt-hour  scale.  This  scale  is  computed  for  115  volt  cir- 
cuits :  accordingly,  when  the  indicator  is  used  on  a  230  volt  circuit,  the 
reading  must  be  doubled  as  marked  at  the  bottom  of  the  scales. 

"After  each  monthly  reading  the  indicator  is  opened  and  the  tube 
tipped  up  until  all  the  liquid  flows  out.  If  electricity  is  being  used 
the  liquid  wilt  flow  back  when  the  tube  is  turned  down  again  until^ 
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it  indicates  the  current  on  the  meter;  otherwise  the  tube  will  remain 
empty  until  electricity  is  used. 

"Two  indicators  are  installed  on  a  three-wire  circuit  and  the  sura 
of  the  readings  gives  the  full  rate  portion  of  the  bill.  If  a  bill  is  for 
more  or  less  than  a  month,  the  reading  is  divided  by  30,  and  the  quotient 
multiplied  by  the  number  of  days  covered  by  the.  bill  to  obtain  the  full 
rate  portion." 

Full  explanations  of  the  methods  of  using  the  rate  schedules  in 
computing  the  bill  are  also  usually  included  in  the  instructions  to 
consumers,  so  that  every  facility  may  be  at  hand  to  afford  him  a 
check  on  his  bill. 

As  stated  in  Chapter  IV,  where  ampere-hour  meters  are  used,  the 
average  voltage  at  which  service  has  been  supplied  must  be  taken 
into  consideration  in  computing  the  kilowatt-hours  for  the  registra- 
tion, and  if  the  meter  be  of  the  electrolytic  type  the  method  of 
reading  will,  of  course,  be  quite  different  from  that  of  the  motor 
type  of  electricity  meter. 

The  Wisconsin  Railroad  Commission  has  formulated  substantially 
the  following,  bearing  on  the  reading  and  registration  of  the  elec- 
trolytic type  of  ampere-hour  meter,  when  used  as  a  basis  of  charge 
for  electrical  energy. 

"  The  particular  type  of  meter  which  depends  for  its  registration 
upon  the  fact  that  a  quantity  of  water  decomposed  by  the  passage 
of  an  electric  current  is  directly  proportional  to  the  ampere-hours 
passed,  gives  a  registration  which  is  proportional  to  the  ampere- 
hours  consumed  rather  than  the  watt-hours.  In  order  to  determine 
the  watt-hours  of  energy  actually  used  by  the  consumer  the  voltage 
maintained  at   the   time   the   current   is   consumed   must   be   known. 

"  The  scale  upon  the  meters  of  this  type  are  labeled  as  reading  kilo- 
watt-hours and  the  schedule  of  rates  is  expressed  in  kilowatt-hours. 

"  From  the  construction  of  this  type  of  meter  it  might  appear  that  the 
meter  might  register  when  no  current  is  flowing  due  to  leakage  or  evap- 
oration of  the  electrolyte.  Since  the  electrolyte  is  carried  in  a  glass  jar 
there  is  very  little  danger  of  slight  leaks  taking  place  and  the  cracked  or 
broken  jars  can  be  so  easily  detected  that  no  special  rule  appears  to  be 
necessary  in  order  to  eliminate  errors  diie  to  leakage. 

"  Each  meter  is  provided  with  a  lead  cover  and  stopper  to  eliminate 
evaporation.  It  is  necessary  to  place  the  oil  film  over  the  surface  of  the 
electrolyte  and  keep  the  stopper  and  cover  on  the  meter  whenever  the 
meter  is  in  service. 

"  In  addition  to  leakage  and  evaporation,  errors  in  registration  of  the 
^pe  of  meter  under  consideration  may  be  due  to  the  following  causes: 
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irregularities  in  glass  jars,  incorrect  scales,  meter  being  overloaded,  read^ 
ing  taken  while  bubbles  are  in  electrolyte,  and  to  difference  between  volt- 
age supplied  and  voltage  for  which  meter  scale  was  made. 

"Since  the  registration  of  the  meter  depends  upon  the  difference 
in  solution  level  in  the  glass  jar  it  is  necessary  that  the  jar  be  fairly 
uniform  in  cross-sectional  area  and  that  the  volume  displaced  be- 
tween any  given  scale  readings  shall  be  correct  within  sufficiently 
narrow  limits  to  keep  the  combined  error  within  the  requirements. 
This  type  of  meter  shall  be  tested  by  measuring  the  volume  between 
various  points  upon  the  scale  so  as  to  give  the  accuracy  in  volume 
for  each  one-fourth  of  the  scale. 

"  Whenever  a  meter  of  this  type  is  read  for  the  purpose  of  making  a 
charge  for  electric  service  rendered,  the  current  must  be  shut  off  for  a 
time  sufficient  to  allow  all  bubbles  to  pass  off  from  the  electrolyte  and 
to  allow  the  electrolyte  to  reach  approximately  room  temperature  before 
the  meter  is  read. 

"  In  order  that  the  error  in  registration  due  to  voltage  variation  may 
be  determined  and  also  that  there  may  be  full  compliance  with  the  law, 
voltage  records  shall  be  carefully  taken  in  each  locality  at  least  once 
every  three  months  or  whenever  changes  are  made,  and  proper  correction 
shall  be  applied  to  all  bills  rendered. 

"  Although  voltage  records  need  not  be  taken  at  every  consumer's  cut- 
oitt,  it  is  necessary  that  records  be  taken  at  enough  services  to  give 
substantially  the  voltage  conditions  under  which  each  meter  is  being 
operated.  Furthermore,  a  station  log  shall  be  kept  giving  the  readings 
of  all  indicating  instruments  on  the  station  switchboard  at  least  once 
every  hour  and  oftener  during  the  hours  when  the  lighting  load  is  chang- 
ing rapidly.  This,  together  with  the  construction  records  will  serve  as 
a  check  upon  the  changing  of  conditions  requiring,  or  affecting,  voltage 
surveys. 

"  The  combined  error  in  registration  after  applying  the  correction  con- 
stant for  voltage  shall  come  within  the  limits  prescribed.  The  correc- 
tion constant  for  voltage  should  appear  upon  the  consumer's  bill  together 
with  the  meter  readings. 

"  In  order  to  comply  with  the  spirit  of  the  rules  in  general  it  appears 
necessary  to  prescribe  somewhat  the  practice  to  be  employed  in  the  re- 
filling of  the  jars.  Since  all  registration  of  previous  consumption  is  en- 
tirely destroyed  when  one  of  these  meters  is  refilled  and  since  there  is 
no  way  of  checking  the  *  before  filling '  reading  after  the  meter  has  been 
filled,  it  appears  to  be  a  reasonable  requirement  that  the  consumer  be 
notified  before  refilling  any  meter.     The  electrolyte  shall  be  free  fror 
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bubbles  and  within  5  degrees  Fahrenheit  of  room  temperature  when  read- 
ings are  taken  both  before  and  after  refilling.'* 

Meter  readers  should  possess  matured  characteristics  that  will  fit 
them  for  the  responsibility  placed  upon  them  by  the  management  by 
making  them  the  company's  representatives  in  its  dealings  with  the 
consumers. 

Honesty,  integrity,  loyalty,  punctuality  and  agility  are  requisite 
to  the  satisfactory  carrying  out  of  the  duties  of  the  meterman. 

The  wearing  of  uniforms  by  the  metermen  affords  an  effective 
means  of  identification,  and  expedites  ready  access  to  a  consumer's 
premises,  at  the  same  time  tending  to  relieve  the  consumer  of  sus- 
picion that  the  wrong  man  has  been  given  entrance.  The  best 
means  of  identification,  however,  in  each  particular  case  should  be 
found  by  mature  consideration  by  the  company;  some  definite  and 
effective  means  being  decided  upon  and  utilized  in  every  case.  The 
wearing  of  uniforms  has  a  tendency  toward  raising  the  standard  of 
discipline  by  directly  identifying  the  wearer  with  the  public  service 
corporation. 

In  order  to  minimize  the  number  of  mistakes  made  some  com- 
panies use  the  merit  and  demerit  system  in  some  form  or  other 
among  their  meter  readers,  keeping  individual  records  on  such  points 
as  the  number  of  meters  read;  the  number  of  readings  in  error;  the 
number  of  meters  missed;  the  record  of  punctuality  and  attendance; 
the  expense  for  carfare  and  incidentals  incurred  in  reading  and  other 
items  which  may  indicate  a  meterman's  efficiency.  This  data  can  be 
largely  accumulated  through  the  daily  report  referred  to  above, 
and  the  results  of  the  investigation  into  the  relative  efficiency  of  the 
various  metermen  should  be  given  periodical  publication,  on  the 
bulletin  board,  or  through  the  medium  of  the  company's  publications, 
if  they  have  them. 

Errors  in  reading  should  be  a  very  small  fraction  of  a  per  cent — 
for  example,  one  error  in  1,000  readings.  To  eliminate  errors,  com- 
petent men  thoroughly  instructed  in  meter  reading  should  be  em- 
ployed. All  watt-hour  meters  should  read  directly  in  kilowatt-hours, 
without  the  use  of  constants  other  than  10,  100.  et  cetera,  and  as  far  as 
possible  only  one  style  of  dial  face  should  be  used. 

The  number  of  meters  it  is  possible  to  read  per  day  varies  ac- 
cording to  the  territory  covered;  the  location  of  the  meter,  as  in 
attic  or  cellar;  the  number  of  meters  in  the  same  premises,  etc.  The 
practice  ranges  from  100  minimum  to  425  maximum  with  about  150 
iverage. 
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The  following  indicates  the  proficiency  attained  by  one  company  and 
that  may  be  expected,  where  expert  metermen  are  employed. 

Sept.,  X911       Oct.,  1911 

Number  of   readings   made 26,725  25,280 

"           "     meter    readers 6  6 

Maximum  number  read  per  man  per  day 425  425 

Total  number  of  mistakes  in  meter  readings 2  i 

All  meter  readings  should  pass  through  the  hands  of  a  competent 
man  whose  duty  it  is  to  question  any  apparent  increase  or  decrease 


AfJETTT?^ 


fifi 


y>f£T£^  CAn» 


1 

t_ 


I 


CASHtens 


COHSUf^MM 


Pic.  371- — ^Watt-hour  Meter  Reading  Routine. 


544 


ELECTRICAL  METERMAN'S  HANDBOOK 


in  the  consumption,  and  request  inquiry  tests  where  his  judgment 
dicates  their  desirability. 

The  monthly  watt-hour  meter  readings  should  be  examined  and  all 
abnormal  fluctuations  in  the  registration  from  month  to  month  should 
be  investigated  with  a  view  to  discovering  errors  in  the  meter,  or  other 
undesirable  conditions.  The  registration  will  usually  be  subject  to  certain 
normal  fluctuations,  such  for  example,  as  an  increase  of  consumption  in 
winter.  Such  fluctuations  are  taken  care  of  by  applying  a  general  knowl- 
edge of  the  conditions,  and  by  comparing  the  registration  with  that  dur- 
ing the  same  months  of  previous  years. 

Cases  of  high  registration  should  be  handled  in  a  manner  sitnilar  to 
complaints.     (See  Chapter  XIII.) 

In  cases  of  low  registration,  the  work  done  is  only  slightly  different, 
the  emphasis  being  placed  on  causes  for  real,  or  apparent,  decrease  in 
energy  consumption,  such  as  a  defective  or  damaged  meter,  defective  wir- 
ing, tampering,  absence  or  removal  of  constuner  from  the  premises,  use 
of  other  illuminants;  et  cetera. 

Meter  readers  are  often  educated  and  instructed  to  make  a  super- 
ficial examination  of  the  meter,  wiring,  et  cetera,  and  to  report  anything 
defective  or  irregular  (Chapter  XIII).  In  such  cases,  the  meterman  must 
make  a  full  report  of  the  wishes  of  the  consumer,  preferably  on  a  blank 
form  prepared  for  that  purpose. 

It  is  desirable  where  large  consumptions  of  energy  are  registered  each 
month,  or  where,  for  any  other  reason,  a  complaint  might  be  anticipated, 
to  have  the  consumer  check  the  reading  of  the  meter  with  the  meterman, 
if  this  procedure  is  feasible,  or  in  lieu  thereof,  to  have  the  meterman 
leave  a  copy  of  the  reading  with  the  consumer  so  that  he  may  check  this 
reading  before  the  bill  is  received.  Either  practice  will  facilitate  the 
approval  of  bills  by  large  consumers. 

A  suggestive  diagram  showing  the  routine  followed  in  reading  and 
billing  a  consumer's  watt-hour  meter  registration  is  shown  in  Fig.  371. 


CHAPTER  XIII 

INVESTIGATION  OF  CONSUMERS'   COMPLAINTS 


CHAPTER    XIll 

Investigation  of  Consumers'  Com 

No  doubt  every  manager  of  a  lighting  company  is  convinced  that^ 
notwithstanding  the  care  and  attention  he  exercises  in  connection 
wiih  his  meter  system,  complaints  of  allcKcd  excessive  charEcs  will 
always  be  made.  With  proper  care  and  attention  to  his  meters  the 
manager  is  justified  in  having  confidence   in   their  accuracy,   yet  it 

Table  SMowiNG  Number  ofHours  Aotificial  Light 
IS  Needed  in  Each  Month  of  the  Year 


Pio.  371. — Rdative  Amounti  of  ArtiEdal  LLghling  Required  Duiins  Dit 

is  at  times  difficult  to  inspire  the  same  confidence  in  tl 
whose  bill  has  increased  apparently  without  sufficient  cause. 

The  consumer  frequently  fails  to  take  into  consideration  that  the 
increase  in  his  bill  may  be  the  result  of  longer  hours  of  burning 
due  to  the  season  of  the  year  (Fig.  372)  or  to  social  entertainments;  care- 
lessness of  his  employees;  excess  of  cloudy  weather  (Fig.  373) ;  defects  in 
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his  installation,  and  so  forth,  rather  than  to  any  inherent  inaccuracy  in 
the  meter.  It  is  decidedly  impolitic,  however,  to  ignore  these  com- 
plaints, and  companies  should  spare  no  trouble  or  expense  in  order 
to  satisfy  the  consumer  of  the  accuracy  of  the  bill;  or,  if  errors 
exist  in  the  jcomputation,  meter  reading,  or  in  the  meter  itself,  to 
make  proper  restitution. 

It  is,  in  fact,  believed  that  the  number  of  complaints  can  be 
greatly  reduced  by  an  open  and  cooperative  attitude,  on  the  part  of 
the  company,  in  its  contact  with  dissatisfied  consumers.    This  com- 
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Fig.  373. — Weather  Chart.     Black  and  White  Sectors  are  Adjustable.     Other  Spaces  have 

Removable  Cards  to  Allow  for  Replacement. 

bined  with  a  systematic  effort  to  educate  the  consumer  concerning 
the  actual  great  reliability  of  electricity  meters,  resulting  in  the 
biiilding  up  of  the  consumer's  confidence  in  the  measurement  of 
energy  utilized  on  his  premises,  will  assist  largely  in  minimizing  the 
number  of  complaints. 

Consumers'  complaints,  as  the  term  implies,  originate  with  the 
consumer  himself,  due  to  his  interpretation  of  conditions  surround- 
ing the  measurement  of  his  consumption  of  energy  as  expressed  to 
him  on  his  bill,  and  may  be  based  upon  well-grounded  reasons  or 
upop  ungrounded  reasons  for  complaint. 
'  XJnless,  as  suggested  above,  the  consumer  has  been  imbued  with 
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confidence  in  electricity  meters,  the  complaint  will  be  made  on  the 
general  basis  that  the  meter  is  inaccurate,  and  it  will  therefore  re- 
quire diplomatic  and  courteous  investigation  and  straightforward  ex- 
planation of  the  conditions  actually  found,  in  order  to  satisfy  the 
consumer  as  to  the  accuracy  of  his  meter  and  the  fairness  of  the 
company's  bill  to  him,  or  the  equitability  of  the  corrections  pro- 
posed. 

It  should  no  more  be  assumed  by  the  company  that  the  consumer's 
complaint  is  based  upon  ungrounded  reasons  than  it  should  be  as- 
sumed by  the  consumer  that  his  complaint  is  well  grounded. 

There  are  several  well-grounded  reasons  for  complaint  that  may 
arise,  including  inaccurate  meters,  electrical  leaks  on  the  consumer's 
premises,  incorrect  meter  readings,  use  of  wrong  register  constant  in 
the  computation  of  meter  registration,  clerical  errors  or  similar 
items. 

There  are  also  many  ungrounded  reasons  for  complaint,  which  in- 
clude the  change  of  seasons;  weather  conditions;  abnormal  use  for 
social  reasons,  on  account  of  sickness  or  by  irresponsible  employees; 
increases  in  consumer's  installation  and  other  similar  causes  for 
increased  use  of  energy. 

From  actual  experience  it  can  be  said  that  more  than  90  per  cent 
of  the  consumers'  complaints  are  found  upon  investigation  to  be 
ungrounded,  but,  as  by  no  known  instinct  this  point  can  be  prede- 
termined, it  should  always  be  the  policy  of  the  company  to  assume 
the  consumer's  complaint  to  be  well  grounded  and  investigate  it 
thoroughly. 

As  the  consumer  is  naturally  the  origin  and  the  terminal  of  a  com- 
plaint, it  is  undoubtedly  the  best  policy  for  the  company's  original 
and  final  contact  with  the  consumer  to  be  through  the  medium  of 
one  department.  The  routine  of  the  company  should  therefore  be 
so  established  that  all  complaints  will  be  lodged  in  one  depart- 
ment, whether  they  originate  spontaneously  with  the  consumer,  or 
are  collected  incidentally,  or  intentionally,  from  the  consumer 
through  the  medium  of  the  company's  employees. 

It  is  quite  general  practice  to  receive  all  complaints  in  a  depart- 
ment of  the  company  which  may  in  some  form,  or  other,  constitute 
a  commercial  department.  The  contact  with  the  consumer,  both  at 
the  time  of  receiving  the  complaint  and  at  the  time  of  its  settlement, 
should  be  made,  in  general,  through  this  department.  Complaints 
may  be  received  by  this  department  through  voluntary  personal  inter- 
view with  the  consumer  at  the  department;  through  efforts  made, 
under  instructions,  by  certain  selected  employees  to  elicit  construct 
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ive  criticism  from  the  consumer,  for  which  purpose  blank  forms  arc 
sometimes  used  by  such  employees,  or  through  routine  methods  of 
solicitation  of  this  criticism  by  such  means  as  correspondence  and  in- 
quiries by  metermen. 

As  has  been  already  indicated,  since  complaints  can  be  conceived 


CONSUMER 

ORIQIN  AND  TERMINUS 
OF  COMPLAINT 


COMMERCIAL  DEPT. 

RECE  PT  OF  COMPLAINT,  PRELIMINARY  I  FORMULATION  OF  REPORT  AND  TRANS- 
INVESTIGATION  AND  SUPERV  S  ON         !  MISSION  TO  CONSUMER 


ACCOUNTING  DEP^. 

CHECKING  OF  BILLS. 
ETC. 


INSPECTING  DEF^T. 

INSPECTION  OF  IN- 
STALLATION 


METER  DEF^T. 

TESTING  OF  WATT- 
HOUR  METER,  ETC. 


Pig.  374- — Suggestive  Routine  of  Handling  Complaints. 


to  originate  and  terminate  with  the  consumer  and  to  pass  through 
the  commercial  department  on  its  outgoing  as  well  as  its  return 
trip,  the  routine,  in  its  simplest  form,  of  handling  compUdnts,  can 
be  represented  by  a  circular  diagram,  such  as  that  shown  in  Fig.  374. 

As  indicated  by  this  diagram,  after  whatever  preliminary  investi- 
rations  mav  be  conducted  bv  the  commercial  deoartment.  the  com> 
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plaint  should  be  transmitted  to  the  accounting  department  and 
meter  department,  according  to  an  established  procedure,  which  will 
naturally  be  largely  governed  by  local  conditions. 

Concerning  the  handling  of  the  complaint  during  the  personal  in- 
terview with  the  consumer,  there  is  certain  information  and  data 
which  should  be  elicited  from  the  consumer,  while  in  contact  with 
the  commercial  department,  in  order  to  settle  the  complaint  without 
further  investigation,  if  possible,  or  to  be  used  in  connection  with 
such  further  investigation.  A  considerable  number  of  complaints 
can  usually  be  settled  in  this  manner.  This  can  frequently  be  done 
by  having  the  consumer  prove  the  accuracy  of  his  own  bill,  by  com- 
puting the  wattage  based  on  his  own  estimate  of  the  lamps  and 
hours  used.  The  consumer's  estimate  often  exceeds  the  amount  of 
the  bill,  and  he  is  thus  convinced  of  its  accuracy. 

The  consumer  may  be  asked  the  following  questions: 

Do  you  understand  the  instructions  issued  regarding  the  reading 
of  your  meter  and  calculating  your  bill?     (Chapter  XII.) 

Have  you  read  your  meter  and  estimated  your  bill? 

Do  you  realize  the  difference  in  the  darkness  and  cloudy  weather 
prevailing  during  this  month  and  the  previous  one?     (Fig.  373.) 

Have  you  not  entertained  more  than  usual  this  month? 

Have  you  not  accidentally  left  lights  burning  all  night? 

Have  you  used  as  much  care  as  ordinarily  in  turning  out  your  lights 
when  not  in  use? 

Have  your  employees  used  the  energy  without  your  knowledge? 

Have  you  increased  the  size  of  any  of  your  lighting  units? 

Have  you  used  any  heating  utensils  excessively? 

Questions  of  this  nature  can  be  asked  ad  libitum,  according  to  the 
judgment  of  the  interrogator. 

Other  complaints  require  more  comprehensive  investigation,  which 
must  be  continued  until  the  cause  of  the  increase  is  explained.  In 
such  cases  an  examination  of  the  computations,  readings,  bills  for 
the  corresponding  periods  of  the  preceding  year  and  similar  items 
should  be  made.  If  no  error  exists  in  the  calculations,  or  in  the 
reading  of  the  register,  it  is  usually  advisable  to  test  the  meter. 

A  large  majority  of  the  abnormal  fluctuations  in  bills  from  which 
complaints  and  accounting  department  inquiries  arise  are  due  to 
causes  outside  the  watt-hour  meter.  If  records  are  kept,  it  will  be 
found  that  5  to  10  per  cent  of  the  complaints  received  are  justifiable, 
•  in  so  far  as  clerical  errors  or  errors  in  the  meters  themselves  are 
concerned.  It  is  therefore  evident  that,  in  order  to  explain  the  high 
bill  to  the  satisfaction  of  the  consumer,  it  is  necessary  in  many  case 
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that  further  investigations  be  made.  Where  the  cause  is  discovered 
by  inspection,  and  removed,  no  test  on  the  meter  is  necessary, 
although  to  test  the  meter  in  such  cases  is  a  desirable  precaution. 

It  may  be  considered  by  many  that  inasmuch  as  no  error  exists  in 
the  readings  and  computations,  and  the  meter  has  been  found  acctt- 
rate  when  last  tested,  the  responsibility  of  the  company  ceases  at 
this  point,  but  from  the  viewpoint  of  good  business  policy  and  ethics 
it  is  advisable  to  go  further.  The  method  of  investigation  and 
adjustment  should  be  systematized  as  much  as  possible  in  order  to 
prevent  delay  in  the  payment  of  the  bill. 

The  consumer  is  usually  unfamiliar  with  electrical  apparatus  and 
is  not  possessed  of  the  necessary  instruments  or  knowledge  to  enable  him 
to  determine  where  the  waste  occurs,  and  is  entirely  unfamiliar  with 
the  many  economies  that  the  electric  light  company  can  often  sug- 
gest to  him.  It  is  considered  by  some  companies  that  no  reasonable 
effort  should  be  spared  in  an  endeavor  to  prove  to  the  consumer  that 
not  only  are  the  bills  as  rendered  by  the  company  just,  but  that  it 
is  willing  and  desirous  that  the  consumer  avail  himself  of  every 
legitimate  means  to  reduce  the  kilowatt-hours  consumed. 

In  the  event,  therefore,  of  non-adjustment  in  the  commercial  de- 
partment, or  if  the  complaint  is  made  by  letter  or  telephone,  the 
matter  should  be  turned  over  to  a  complaint  adjuster.  The  adjuster, 
who  may  be  an  employee  in  the  commercial  department,  or  who 
may  be  a  meter  tester  from  the  meter  departments,  where  the  com- 
plaint has  been  sent  directly  after  the  preliminary  investigation  in 
the  commercial  and  accounting  department,  before  calling  upon  the 
consumer  should  possess  himself  of  the  information  already  secured 
and  outlined  by  the  two  above  mentioned  departments,  and,  in  addi- 
tion, make  a  notation  of  the  meter  statements  on  the  bills.  When  the 
adjuster  has  the  foregoing  information,  better  results  may  be  se- 
cured because  he  knows  the  relative  gravity  of  the  complaint,  its 
exact  nature,  and  he  is  prepared  to  check  the  bill,  readings  and  con- 
sumption, and  is  enabled  to  conduct  his  investigation  in  an  intelli- 
gent manner. 

If  the  adjuster  is  a  member  of  the  commercial  department  and 
discovers  the  solution  of  the  problem  from  an  inspection,  he  should, 
of  course,  report  back  directly  to  the  commercial  department,  and 
the  complaint  would  not  complete  its  circular  route  through  the 
various  departments,  as  shown  in  Fig.  374.  The  same  would  be  true 
if  the  explanation  had  been  found  in  the  accounting  department 

Likewise,  the  complaint  may  be  returned  one  or  more  times  from 
ne  department  to  another,  according  to  the  circumstances  of  the 


INVESTIGATION   OF  CONSUMERS'   COMPLAINTS 


SS3 


case,  for  additional  information,  the  diagram  being  simply  indicative 
of  the  simplest  applicable  routine. 

It  will  therefore  be  assumed  that  the  adjuster  referred  to  above 
may  be  one  or  more  persons,  according  to  company  routine,  who 
should  nevertheless  be  capable  of  investigating  thoroughly  all  phases 
of  the  problem,  until  the  correct  solution  is  found. 

The  purpose  of  an  investigation  of  this  character  is  to  effect  a 
fair  and  amicable  adjustment  between  the  consumer  and  the  com- 
pany. As  conditions  vary  in  each  case,  no  specific  plan  of  procedure 
can  be  laid  down.  The  following,  however,  will  give  a  general  idea 
of  what  is  required. 

The  company  should  study  the  various  problems  connected  with 
the  identification  of  its  representatives,  and  then  furnish  the  most 
satisfactory  means  to  every  man  who  must  come  in  contact  with 
the  consumers.  The  consumers  should  be  urged  to  insist  on  the 
presentation  of  an  identification  before  admitting  employees  to  the 
premises  in  the  company's  name. 

The  following  are  some  of  the  means  nsed  for  the  identification, 
at   the  consumer's  premises,   of  the  company's   employees: 

a.  Badge. 

b.  Cap. 

■  c.  Complete  uniform. 

d.  Identification  card  or  letter,  with  or  without  photograph. 

e.  Exhibition  of  tools,  instruments,  meter  reading  book,  or  stating 
correct  meter  number  from  his  knowledge  of  the  records. 

f.  By  consumer  telephoning  to  company's  main  office  for  identi- 
fication. 

On  entering  the  consumer's  premises,  he  should  make  a  superficial 
examination  of  the  meter  to  see  if  it  is  running  approximately  cor- 
rect; examine  the  conditions  of  the  lamps  and  the  distribution  of  candle- 
power,  and  endeavor  to  obtain  the  average  usage  of  the  lamps  in  order 
to  estimate  the  consumption  of  current  with  which  to  compare  the  regis- 
tration of  the  meter;  for  with  this  information  he  can  often  present  to 
the  consumer,  arguments  which  will  settle  the  complaint.  In  the  hands 
of  a  competent  man,  a  large  proportion  of  the  complaints  can  be  settled 
without  further  delay. 

F.ailure  to  do  so,  however,  should  insure  a  promise  of  further  in- 
vestigation, and  the  complaint  may  be  referred  to  the  meter  depart- 
ment for  action,  with  all  bills,  letters  or  written  matter  in  connec- 
tion therewith. 

Meters  should,  therefore,  be  tested  on  complaint  of  the  consumer ! 
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(a)  Whenever,  after  the  elimination  of  other  causes  of  dissatis- 
faction, it  appears  possible  that  the  meter  is  at  fault. 

(b)  Whenever,  in  the  judgment  of  the  company,  a  test  is  desir- 
able. 

A  complaint  test  is  a  test  made  upon  the  premises  where  the  watt- 
hour  meter  is  installed,  as  a  result  of  a  complaint  of  the  consumer. 

The  consumer,  if  he  desires  it,  should  be  allowed  to  have  a  repre- 
sentative present  to  check  the  test  at  all  points. 

The  loads  to  be  used  in  testing  should  be  chosen  with  a  view  to 
obtaining  the  best  measure  of  the  accuracy  with  which  the  meter 
registers  the  energy  consumed.  When  the  notmal  service  loads 
cannot  be  determined,  the  method  of  testing  at  three  loads  and  taking 
average  accuracy  may  be  used. 

In  general,  the  meter  should  be  tested  by  methods  described  in 
Chapters  VII  and  VIII. 

It  is  the  practice  of  some  companies  to  replace  the  meter  in  the 
consumer's  premises,  bringing  the  old  one  to  the  shop  or  station, 
and  there  testing  it. 

The  removal  of  the  meter  raises  a  doubt  at  once  in  the  consum- 
er's mind  as  to  the  accuracy  and  reliability  of  the  results;  and  the 
mere  fact  of  changing  the  meter  lessens  rather  than  increases  his 
confidence  in  the  new  one. 

Moreover,  and  most  important,  the  operation  of  removal  and  in- 
stallation of  the  meter  is  an   expense   needlessly  incurred. 

Watt-hour  meters  tested  on  consumers'  premises  give  results  under 
operative  conditions  with  characteristics  peculiar  to  each  installation, 
whereas  if  removed  they  are  tested  under  entirely  different  condi- 
tions with  the  added  defects  that  are  likely  to  arise  through  trans- 
portation. 

If  it  is  found  necessary,  on  complaint  tests,  to  change  a  watt-hour 
meter  because  of  some  defect  which,  however,  does  not  affect  the 
accuracy  of  the  registration,  it  is  advisable  to  delay  the  changing 
of  the  meter  for  several  weeks,  if  possible;  otherwise  the  consumer 
may  consider  that  such   change  has  a  bearing  on  his  bill. 

First  note  the  condition  of  the  meter.  Meter  numbers,  register 
readings  and  register  constant  should  be  carefully  checked.  Inspec- 
tion should  be  made  to  discover  broken  seals  or  meter  covers  and 
discolored  or  charred  dial  face  indicative  of  overloads.  See  that  all 
dial  hands  are  tight  and  io  their  correct  relative  positions  and  ex- 
amine the  gears  to  determine  if  any  are  loose  on  their  shafts,  et  cetera. 
Make  a  dial  test  to  determine  whether  the  gear  ratio  is  correct, 
"^his  can  be  done  by  ascertaining  from  the  watt-hour  constant  the 
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energy  represented  in  one  revolution  of  the  disk,  computing .  the 
number  of  revolutions  necessary  to  cause  the  dial  hand  of  the  first 
dial  to  move  over  a  given  space,  and  causing  the  disk  to  make  that 
number  of  revolutions,  noting  whether  the  dial  hand  moves  over  the 
space  calculated  that  it  should. 

Particular  inspection  should  be  made  with  a  view  to  ascertaining 
if  the  meter  is  creeping.  If  glass  covers  are  used,  so  that  the  consumer 
can  readily  see  the  internal  mechanism  and  ascertain  that  the  watt-hour 
meter  does  not  "  run  all  the  time,"  one  cause  of  complaints  may  be 
eliminated. 

After  thorough  inspection  and  tests  of  the  consumer's  watt-hour 
meter  have  been  completed  as  suggested  above,  such  further  inves- 
tigations should  be  made  as  are  necessary  to  give  the  consumer 
satisfaction,  either  by  discovering  and  correcting  the  error,  or  by 
demonstrating  that  the  bill  is  a  correct  and  fair  charge  for  the  energy 
delivered.  While  it  is  inadvisable  to  lay  down  fixed  rules  for  such 
investigations,  the  following  methods  based  on  practice  may  serve 
as  suggestions: 

A  tabulation  of  the  installation;  that  is,  a  list  of  all  the  appa- 
ratus connected  to  the  consumer's  circuit  with  the.  continuous  watt- 
rating  of  each  may  be  made.  The  summation  of  these  rated  capac- 
ities gives  the  rated  capacity  of  the  installation. 

An  inquiry  as  to  the  hours  of  use  of  the  various  pieces  of  appa- 
ratus may  be  made,  as  an  estimation  of  the  probable  energy  con- 
sumption drawn  up  for  comparison  with  the  registration  of  the 
meter.  *  A  search  should  be  made  for  causes  of  energy  consumption 
unknown  to  the  consumer,  such  as  lamps  left  burning  in  out-of-the- 
way  places;  theft  of  current  by  third  parties  from  the  consumer's 
circuit;  incorrect,  connections  enabling  another  consumer  to  obtain 
energy  through  the  nieter  under  test.  If  meter  is  located  in  flat 
building,  double  house,  office  building  or  any  place  where  the  watt- 
hour  meters  are  grouped,  test  should  be  made  to  see  if  meter  is 
measuring  the  correct;  service,  and  that  no  service  other  than  it  is 
supposed  to  meter  is  connected  to  it. 

The  consumer  is  responsible  for  the  condition  of  his  wiring  and 
should  clear  any  defect  thereon,  and  he  is  therefore  responsible  for 
the  amount  of  current  metered  through  such  defect,  but  any  appar- 
ent waste  of  energy  should  be  noted,  such  as  large  lamps  where 
small  would  do  equally  well,  or  unnecessary  shafting,  and  the  wiring 
should  be  tested  for  crosses,  or  grounds,  through  gas  or  water  pipes, 
or  otherwise.     The  endeavor  should  be  not  only  to  find  the  meter 
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accuracy,  but  to  discover  how  the  energy  is  being  used,  so  that  the 
consumer  and  the  company  may  be  thoroughly  satisfied. 

It  is  sometimes  important  to  test  the  insulation  of  the  consumer's 
circuit.    This  may  be  done  in  two  ways: 

(i)  For  total  insulation  resistance  of  the  circuit  and  apparatus  to 
ground. 

(2)  For  the  resistance  between  the  wires  when  the  consumer's  load 
is  disconnected. 

The  connections  for  the  first  test  are  shown  in  Fig.  375.  For  a  two- 
wire  installation,  the  same  figure  applies  with  the  bottom  wire  omitted. 
All  connections  between  the  main  line  and  the  consumer's  circuit  are 
removed.  Generally  this  is  done  by  removing  the  fuses  or  opening  the 
switch  on  the  load  side  of  the  meter.  The  load  wires  (in  the  case  of  a 
three- wire  circuit,  the  two  outers  and  the  neutral)  are  connected  to- 
gether, and  a  voltmeter  is  connected  between  the  consumer's  circuit  and 
the  ungrounded  side  of  the  service.  If  the  neutral  is  grounded  in  the 
consumer's  premises,  this  test  will  show  zero  resistance. 

To  test  for  insulation  between  wires,  disconnect  all  the  consumer  s 
apparatus,  remove  the  fuse  from  the  ungrounded  side  of  the  circuit, 
leaving  the  fuse  in  the  grounded  side,  and  connect  the  voltmeter  across 
the  terminals  where  the  fuse  was  removed.  If  the  test  is  made  on  the 
service  side,  the  voltage  circuit  of  the  meter  must  also  be  disconnected. 
On  a  three- wire  circuit,  this  test  would  be  made  separately  on  each  side. 

With  an  ordinary  portable  voltmeter  of  high  internal  resistance,  let  R 
be  the  resistance  of  the  voltmeter  in  ohms;  X,  the  resistance  to  be 
measured;  £,  the  reading  of  the  voltmeter  from  the  ungrounded  side 
of  the  circuit  to  ground;   Ei,  the  reading  of  the  voltmeter  when  con- 


nected as  shown  in  Fig.  375.    Then  X 


-(l,-> 


The  facilities  for  natural  lighting  should  be  carefully  considered. 
If  the  apartment  is  an  interior  one,  obstructed  by  neighboring  walls, 
it  may  be  necessary  to  use  electric  light  during  many  of  the  day- 
light hours,  while  their  neighbors  may  not  be  required  to  do  so.  Or 
some  one  or  two  interior  dark  rooms  may  be  used  more  extensively 
than  other  parts  of  the  house. 

The  habits  and  customs  of  the  occupants  should  be  given  due  con- 
sideration— are  they  at  home  evenings  or  are  they  out  much;  do 
they  use  light  only  where  it  is  needed,  or  do  they  light  up  to  dis- 
play the  house;  are  they  new  consumers  of  electricity  or  have 
they  been  accustomed  to  its  use;  have  they  been  accustomed  to  a 
"it   rate  or  contract  lighting,  either  in  their  former  residence  or  in 
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their  business  place;  have  there  been  any  weddings,  sickness,  deaths, 
parties,  et  cetera,  or  anything 'that  would  cause  an  increased  con- 
sumption for  the  period  in  dispute. 

The  number  and  personnel  of  the  household  has  much  to  do  with 
the  consumption;  the  more  persons,  the  more  lights  will  probably 
be  used;  young  people,  particularly  of  a  society  age,  distribute  them- 
selves over  the  house  more,  and  use  more  lights  generally  than  do 
older  people;  students  and  roomers  by  their  exclusive  habits  and 
longer  hours  are  likely  to  use  more  current  than  others.  If  possi- 
ble, the  servants  should  be  interviewed  on  the  amount  of  light  used 
in  their  apartments,  and  in  the  kitchen,  cellar,  et  cetera,  over  which 


Neutral  Uronnded 


^  to  Ground 


Fig.  375- — Diagiaxn  of  Connections  for  Testing  Consumer's  Circuit  for  Grounds. 

they    preside.     They    are    usually    ignorant    of    the    cost    of    electric 
energy,  and  are   indifferent  and  extravagant  in   its  u&e. 

The  distribution  and  size  of  the  lamps  is  an  important  factor.  En- 
deavor to  have  some  responsible  person  familiar  with  the  house  inter- 
est themselves  in  the  investigation,  pointing  out  the  number  and 
size  of  lamps  used  in  various  rooms.  Take  note  of  the  statements 
and  at  the  same  time  make  observations.  By  turning  on  the  wall 
switch,  throw  on  the  lamps  that  are  customarily  used  from  that  point 
of  control,  and  it  will  often  be  found  that  a  chandelier  of  lamps 
lights  up,  where  the  estimate  is  made  that  only  one  or  two  small 
lamps  are  used.  When  there  are  lamps  on  the  third  floor  or  in  the 
basement,  controlled  from  some  other  floor  without  the  use  of  an 
indicating  switch,  it  is  often  a  source  of  much  wasted  light,  and 
should  be  carefully  looked  into. 
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The  character  of  the  fixtures  and  glassware  used  should  i 
special  attention.  Lamps  pointing  upward,  or  at  a  sharp  angle  up- 
ward, do  not  furnish  much  illumination  where  it  is  wanted.  A  lamp 
in  a  high  chandelier  is  not  suited  to  library  use.  Lamps  enclosed 
in  opalescent  or  heavily  frosted  globes  or  in  red  tissue-paper  shades 
lose  much  of  their  candle-power. 

In  many  cases  the  complaint  is  not  of  a  specific  bill,  but  of  the 
failure  to  derive  benefits  commensurate  with  the  cost  of  the  current. 
In  addition  to  the  foregoing,  the  condition  and  character  of  the  lamp 
itself  is  an  important  element  in  such  cases.  The  lamps  may  have 
fallen  08  in  candle-power  until  more  are  required  to  give  the  desired 
illumination.     A   suggestion  as  to   new   lamps,   metal   filament   lamps 


Vic.  376. — RcprdenUIlon  of  Relative  Amount  of  Light  snd  Dukne-ts  During  Different 
Months. 

and  the  approved  new  high  efficiency  lamps  would  be  apropos.  Again, 
halls,  bathrooms,  bedrooms,  closets,  et  cetera,  do  not  require  as 
much  light  as  other  parts  of  the  house,  and  a  suggestion  to  reduce 
the  candle-power  of  the  units  in  these  places  might  be  appreciated  by 
the  consumer. 

The  character  and  condition  of  the  lamps  is  an  important  factor 
in  commercial  lighting.  In  a  large  installation  small  loss  in  each 
unit  may  amount  to  considerable  on  the  entire  number.  The  lamps 
themselves  may  be  old  or  the  voltage  low.  The  consumer  may  be 
using  a  large  number  of  small  units,  distributed  about  the  rooms  to 
be  lighted,  where  a  few  large  units  placed  high  would  furnish  a  more 
suitable  illumination  for  his  purpose;  besides  these  larger  units  prop- 
''rly   installed  are  generally   much   more  efficient. 
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Observe  carefully  the  date  on  which  the  meter  was  last  read  and 
the  time  between  readings.  If  the  intervening  time  is  greater  than 
customary,  it  will  have  a  corresponding  influence  on  the  amount  of 
the  bill.  Then,  again,  the  reading  may  have  been  delayed  sufficiently 
to  include  in  the  last  statement  some  unusual  current  consumption 
that  the  consumer  thinks  was  included  in  a  previous  statement. 

Business  people  are  accustomed  to  compare  the  expense  of  one 
month  with  that  of  the  corresponding  month  of  the  preceding  year. 
By  referring  to  the  climatic  conditions  that  have  prevailed  in  the 
current  months,  the  fallacy  of  such  comparison  may  be  pointed  out. 
Rainy,  foggy,  cloudy  and  smoky  weather  increase  the  demand  for 
artificial  light.  Use  may  be  made  of  charts  of  relative  darkness 
and  light  (Figs.  376  also  372  and  373). 

By  making  inquiry,  learn  if  any  additions  to  the  installation  have 
been  made  during  the  period  covered  by  the  bill  in  question;  if  the 
person  responsible  for  the  consumption  has  been  absent  much  dur- 
ing the  period;  if  there  has  been  any  rush  season  to  cause  either 
motors  or  lamps  to  be  used  more  than  customary. 

The  recent  installation  of  heating  devices,  electric  irons,  etc., 
should  be  investigated.  Ammeter  or  wattmeter  readings  may  be 
taken  on  motors,  elevators,  fans,  heating  devices,  arc  lamps,  incandes- 
cent lamps  other  than  standard  make,  or  on  steady  loads,  such  as 
signs,  window  displays,  and  so  forth;  and  information  obtained  as 
to  the  load  and  hours  of  use,  et  cetera. 

In  elevator  service  much  loss  is  occasioned  by  inexperienced  oper- 
ators. If  an  elevator  is  not  stopped  when  it  is  desired,  the  operator 
starts  and  stops  it  again,  thus  wasting  encrgry. 

The  loads  carried  by  an  elevator  have  much  to  do  with  its  con- 
sumption; also  the  manner  in  which  it  is  operated.  If  an  operator 
makes  two  or  three  trips  to  do  the  work  that  might  be  done  in  one 
trip,  he  is  wasting  energy. 

A  motor  or  controller  may  be  wrongly  connected,  so  that  the 
shunt  circuit  is  always  closed;  this  would  not  readily  be  noticed  by 
the  consumer  unless  he  should  open  the  switch  when  the  motor  was 
not  running — it  would  then  be  revealed  by  sparking  at  the  switch. 

The  controller  itself  may  be  defective.  Some  types  have  a  knife- 
blade  contact  that  is  operated  by  a  spring  which  becomes  weakened 
and  allows  the  contact  to  break  slowly,  causing  arcing. 

The  condition  of  the  machinery  has  much  to  do  with  wasting 
energy.  Bad  bearings,  loose  bolts  and  lack  of  lubrication  produce 
losses.    The  brushes  of  the  motor  should  make  good  contact  to  prc- 
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may  be  attached  to  a  line  shaft  (not  otherwise  required  to  run  con- 
stantly) when  an  individual  motor  would  do  the  work  much  more 
efficiently.  Machines  are  often  allowed  to  run  when  there  is'  no  need 
of  them. 

If  no  explanation  of  the  high  bill  can  be  found  many  companies 
install  a  graphic  recording  ammeter,  wattmeter  or  other  curve- 
drawing  instrument,  which  will  not  only  prove  to  the  consumer  that 
the  registration  of  the  watt-hour  meter  is  correct,  but  will  also  in 
many  cases  give  the  consumer  information  that  will  enable  him  to 
locate  his  losses.  This  form  of  test  is  very  valuable  in  ascertaining 
exactly  when  and  how  the  current  is  used,  as  such  tests  give  in 
detail  each  change  in  amperes  or  watts  of  the  load  cut  in  or  out  for 
each  minute  of  the  day.     (See  Chapter  XVII.) 

These  tests  are  usually  made  for  an  interval  of  from  three  days 
to  one  week,  or  longer  if  occasion  demands.  The  charts  are  changed 
at  a  certain  time  each  day;  and,  if  necessary,  the  registration  com- 
puted from  the  readings  is  also  indicated. 

If  a  graphic  recording  ammeter  is  used,  and  the  wattage  consump- 
tion is  desired  for  the  purpose  of  comparing  the  instrument  readings 
with  the  registration  of  the  watt-hour  meter,  it  is  advisable  to  ascer- 
tain the  voltage  several  times  during  the  test  with  a  standard  volt- 
meter, or  else  to  install  a  graphic  recording  voltmeter,  in  order  to 
convert  the  record  of  ampere-hours  into  watt-hours. 

The  statement  of  watt-hour  meter  must  be  taken  at  the  beginning 
of  the  test,  and  also  when  each  chart  is  changed,  and  again  upon 
completion  of  the  test,  noting  the  register  reading  on  the  reverse 
side  of  the  chart. 

The  expense  of  these  tests — the  expense  depending  on  the  degree 
of  detail  and  the  accuracy  that  may  be  required — is  not  prohibitive; 
and  in  the  majority  of  cases  the  information  required,  which  cannot 
be  obtained  otherwise,  more  than  compensates  for  the  outlay. 

These  tests  are  of  peculiar  value  in  obtaining  data  on  the  use  of 
large  installations,  such  as  churches,  offices,  stores,  manufacturing 
plants  or  large  residences,  where  the  consumer  is  unable  to  give 
personal  supervision  to  the  use  of  the  current,  and  hence  is  unable  to 
understand  the  alleged  excessive  charges  of  which  he  may  complain. 

It  is  in  such  cases  that  the  graphic  recording  instrument  is  valu- 
able in  demonstrating  to  the  user  the  abuse  of  current  by  janitors, 
servants,  night  watchmen,  cleaners  and  employees  in  general;  and, 
'n  addition  to  its  assistance  in  settling  the  complaint  satisfactorily,  it 
ives  information  to  the  consumer  for  retrenchment  in  the  use  of 
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current  at  the  point  where  he  is  not  receiving  value  for  the  current 
used. 

An  approximate  record  can  sometimes  be  obtained  by  counting  the 
lamps,  or  apparatus,  in  use  every  half  hour,  or  oftener,  and  plotting 
the  results.  Repeated  visits  on  consecutive  days  may  sometimes 
suffice. 

The  results  of  these  tests  and  inspections  should  be  put  on  the 
complaint  report  and  the  report  returned  to  the  commercial  depart- 
ment. This  report  should  be  as  complete  and  detailed  as  possible,  so 
that  satisfactory  explanations  in  person  or  by  correspondence  can 
be  transmitted  to  the  consumer  by  the  commercial  department. 

In  case  any  of  the  many  causes  outside  of  the  watt-hour  meter 
itself  have  been  found  to  be  the  reason  for  the  complaint,  the 
method  of  settlement  is  one  merely  of  good  business  policy  and 
judgment. 

If  the  watt-hour  meter  has  been  found  creeping,  it  should  be  timed 
with  a  stop  watch  and  the  rate  of  "  creep,"  in  watts,  figured.  The 
watts  thus  figured  may  then  be  subtracted  from  the  watt-hour  meter 
watts,  'as  indicated  by  the  tests  on  different  loads.  A  set  of  per- 
centage of  accuracy  figures  is  thus  obtained,  which  can  be  averaged. 
The  amount  of  "  creep  "  in  watt-hours  can  be  figured  on  a  24-hour 
per  day  basis.  Then  the  meter  is  reported  as  so  many  per  cent  fast 
or  slow  after  deducting  for  this  "  creep." 

Example  i 

Watt-hour  meter  tested  and  found  to  be  as  follows: 
Creeping  at  rate  of  i   rev.  in  3  min.,  10  sec,  or  3.8  watts.     It  is 
a  5-ampere,   iio-volt,  continuous  current,  watt-hour  meter. 

As  Found  Deducting  3.8  Watts 

J4  ampere  110.0%  103.1% 

154  amperes  101.7%  99.4% 

4      amperes  100.1%  99.2% 

The  meter  is,  therefore,  practically  accurate  after  deducting  the 
"  creep."  Therefore,  to  make  the  registration  of  the  watt-hour  meter 
correct,  an  allowance  of  3.8  X  24  =  91.2  watt-hours  per  day  should  be 
made. 

The  figures  in  second  column  are  obtained  as  follows: 

J4  ampere  at  no  volts  =  55  watts. 

(55  X  1. 10)— 3.8 

X  100=  103.1%. 

55 
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1.5  amperes  at  no  volts  =165  watts. 
(16s  X  1.017)— 3-8 


165 


X  100  =  99.4%. 


4  amperes  at  no  volts  =440  watts. 

(440  X  1.001)  — 3.8 

X  100  =  99.2%. 


k 


440 


Example  2 

Creeping  at  rate  of  i  rev.  in  2  min.,  9.6  sec,  or  6.9  watts.  It  is  a 
5  ampere,  no  volt,  alternating  current,  watt-hour  meter. 

As  Found  Deducting  6.9  Watts 

}4  ampere  116.5%  103.9% 

Ij4  amperes  107.6%  103.4% 

5      amperes  102.5%  101.2% 

After  deducting  "  creep "  it  will  be  seen  that  meter  is  still  about 
3  per  cent  fast.  Suppose  that  31,200  watt-hours  were  registered  by 
the  meter  in  30  days,  the  correct  registration  would  then  be — 

31,200 —  (6.9  X  24  X  30) 

=  25,468. 

1.03 

It  will  be  seen  that  the  registration  was  about  22.8  per  cent  high, 
whereas  if  the  watt-hour  meter  had  registered  150,000  watt-hours 
the  registration  would  have  been  but  6.6  per  cent  high. 

Thorough  investigation  of  the  causes  of  the  creeping  should  be 
made  as  to  whether  they  are  external  or  due  to  a  wrong  adjustment 
of  the  meter;  also  as  to  whether  the  creeping  of  the  meter  is  con- 
tinuous or  intermittent.  Intermittent  creeping  may  be  caused  by 
vibration  due  to  machinery  or  street  traffic,  or  to  stray  fields  due  to 
proximity  of  other  electrical  conductors  or  apparatus.  In  that  case, 
correction  for  the  creeping  should  be  made  only  during  those  hours 
when  the  cause  was  operative.  If  a  test  of  the  meter  shows  that  it 
is  recording  accurately  otherwise,  the  correction  for  the  creeping 
should  be  applied  only  to  those  hours  when  the  cause  was  operative 
and  no  load  was  being  used  through  the  meter. 

If  the  results  of  the  tests  indicate  that  the  watt-hour  meter  is  fast 
more  than  the  allowable  limit,  it  is  only  fair  to  the  consumer  that 
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he  be  given  a  rebate  for  the  percentage  overcharge.  The  allowable 
limit  of  inaccuracy  in  a  watt-hour  meter  has  been  specified  by  civic 
commissions,  where  they  exist,  and  is  subject  to  the  business  policy 
of  companies  operating  where  no   commissions  are  extant. 

The  rules  affecting  the  operations  of  watt-hour  meters  formulated 
by  some  of  the  prominent  civic  commissions  are  quoted  below. 

The  question  of  the  time  period  over  which  this  correction  should 
operate  is  subject  to  some  variation,  according  to  the  business  judg- 
ment of  the  different  companies,  but  it  seems  to  be  more  or  less 
common  practice,  where  previous  tests  are  available,  to  make  allow- 
ance for  excess  registration  for  one-half  the  period  since  the  last 
test,  and  when  previous  tests  are  not  available,  to  place  a  limit  on 
this  period,  and  to  allow  rebates  at  the  determined  inaccuracy  as 
far  back  as  three  months,  or  ninety  days,  from  date  of  test. 

An  extract  from  an  Ordinance  of  City  of  Chicago  gives  the  fol- 
lowing instructions: 

"  If  the  result  of  such  test  at  such  usual  or  such  normal  load  shall 
show  any  meter  to  be  incorrect  as  above  defined,  it  shall  be  pre- 
sumed that  such  meter  was  in  the  same  condition  and  incorrect  to 
the  same  degree  for  a  period  of  not  to  exceed  ninety  days  prior  to 
the  date  of  such  inspection  or  test. 

"  Nothing  herein  contained,  however,  shall  be  held  to  preclude 
either  the  consumer,  or  the  person,  firm,  or  corporation  owning,  in- 
stalling or  using  such  meter  from  establishing  by  competent  evi- 
dence the  fact  that  meter  was,  or  was  not,  incorrect  for  a  longer 
or  shorter  period  of  time  than  ninety  days  prior  to  the  date  of  such 
last  inspection. 

"  Where  the  result  of  such  inspection  shows  that  the  meter  so 
inspected  is  incorrect,  as  herein  defined,  and  such  incorrectness  shall 
operate  to  the  disadvantage  of  the  consumer  by  causing  to  be  regis- 
tered a  greater  amount  of  electricity  than  actually  flowed  or  passed 
through  such  meter,  in  such  case  such  consumer  shall  be  entitled  to 
a  rebate  from  the  person,  firm  or  corporation  supplying  him  with 
electricity  through  such  meter,  such  rebate  to  be  based  upon  the 
assumption  that  the  incorrect  registration  existed  for  a  period  of 
ninety  days  prior  to  the  date  of  said  inspection  or  test;  Provided, 
however,  that  if  the  consumer  shall  be  able  to  establish  the  fact 
that  such  condition  existed  for  a  longer  period  than  said  ninety  days, 
or  if  the  person,  firm  or  corporation  supplying  said  consumer  shall 
be  able  to  establish  the  fact  that  such  condition  did  not  exist  for  so 
long  a  period  as  ninety  days,  then  and  in  either  event,  the  consumer 

aViall    hp    *»nfil'1#»H    fr»   a    rphat^    fnr   siirh    n^rioH    nf   ttm*»    aa    if    fthall    h^ 
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shown  such  meter  registered  a  greater  amount  of  electricity  than 
actually  passed  through  the  same. 

"  If  the  result  of  the  inspection  of  any  meter  shall  show  that  such 
meter  is  incorrect,  and  that  such  incorrectness  operated  to  the  dis- 
advantage of  the  person,  firm  or  corporation,  owning  or  using  same 
by  reason  of  such  meter  registering  a  smaller  amount  of  electricity 
than  actually  passed  through  same,  in  such  case  such  condition  shall 
be  presumed  to  have  existed  for  a  period  of  not  to  exceed  ninety 
days  prior  to  the  date  of  such  inspection,  and  such  person,  firm  or 
corporation  shall  be  entitled  to  charge  the  consumer  an  amount 
equal  to  what  would  have  been  charged  had  the  meter  registered 
correctly,  said  amount  to  be  based  upon  the  assumption  that  said 
meter  registered  incorrectly  in  the  same  degree  for  a  period  of  not 
exceeding  ninety  days  prior  to  the  date  of  inspection.  Provided, 
however,  that  if  the  person,  firm  or  corporation  supplying  the  elec- 
tricity shall  be  able  to  establish  the  fact  that  such  condition  existed 
for  a  longer  period  than  such  ninety  days,  or  if  the  consumer  shall 
be  able  to  establish  the  fact  that  such  condition  did  not  exist  for  so 
long  a  period  as  said  ninety  days,  then  and  in  either  event,  the  per- 
son, firm  or  corporation  supplying  the  electricity  shall  be  entitled 
to  charge  said  consumer  for  such  deficiency  during  the  time  that 
said  deficiency  shall  be  shown  to  have  existed." 

Dr.  C.  H.  Sharp  says:  "The  allowable  limits  of  variations  of  meters 
from  absolute  accuracy  are  usually  defined  in  governmental  statutes. 
An  important  practical  question  is  that  of  giving  a  single  figure  to  desig- 
nate the  average  accuracy  of  a  watt-hour  meter.  The  error  of  a  watt- 
hour  meter  usually  being  different  at  light  load  from  what  it  is  at  full 
load,  and  having  still  other  values  at  intermediate  loads,  it  is  difficult  and 
embarrassing  to  answer  inquiries  from  consumers  as  to  what  the  accuracy 
of  a  particular  meter  is.  Some  companies  have  adopted  the  radical  prac- 
tice of  giving  as  the  error  of  the  meter  the  maximum  error  found  at 
either  light  or  full  load,  and  have  based  their  consumers'  rebates  for  fast 
meters  on  this  figure,  making  the  rebate  on  the  assumption  that  the  error 
had  changed  uniformly  with  the  time  zero  at  the  time  of  its  previ- 
ous periodic  test  to  the  time  it  is  found  fast.  In  other  words,  the 
error  as  found  is  assumed  to  apply  to  one-half  of  the  period  elapsed 
since  the  last  previous  test  of  the  meter.  This  system  evidently 
gives  a  maximum  of  advantage  to  the  consumer.  For  the  purpose 
of  giving  a  single  value  to  the  accuracy  of  a  meter,  the  system  of 
averaging  loads  which  has  been  put  into  effect  by  the  Public  Service 
'"ommission  of  the  State  of  New  York,  First  District,  is  worthy  of 
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loads;  namely,  light  load,  full  load  and  normal  load.  The  normal 
load  of  a  meter  as  a  percentage  of  its  full  load  rating  is  determined 
by  the  character  of  the  installation  in  accordance  with  the  schedule 
referred  to  elsewhere. 

**  The  average  percentage  of  accuracy  is  obtained  by  assigning  a 
weight  of  3  to  the  percentage  of  accuracy  at  normal  load  and  the 
weight  of  I  each  to  the  tests  at  light  load  and  at  full  load 

"This  system  has  been  found  in  the  practice  of  the  companies 
operating  under  it  to  possess  very  many  advantages.  Not  only  does 
it  give  the  single  value  required  for  designating  the  accuracy  of  a  meter, 
but  it  bases  this  value  on  a  system  6f  weights  given  to  the  accuracy 
at  different  loads,  which,  when  the  weights  are  properly  chosen, 
makes  it  a  very,  fair  method  of  fixing  this  accuracy  with  respect  to 
the  probable  consumption  which  should  be  charged  against  the  con- 
sumer. The  additional  labor  involved  in  testing  at  three  loads  rather 
tlian  two  is  practically  a  minor  disadvantage  of  this  system.  Its 
chief  disadvantage  is  that  a  very  considerable  inaccuracy,  either  at 
light  or  full  load,  or  both,  may  be  masked  by  the  average  value. 
For  instance,  a  meter  may  be  quite  fast  at  full  load,  correspondingly 
slow  at  light  load,  and  still  qualify,  as  an  accurate  meter  under  the 
above  definition.  Evidently  other  systems  of  averaging  loads  could 
be  devised,  each  of  which  would  have  its  advantages  and  its  disad- 
vantages." 

The  following  are  excerpts  from  the  rules  discussed  above: 

Rules  of  the  Public   Service  Commission,   First   District,   of   New 

York 

Rule  4.  All  tests  shall  be  made  with  the  meter  in  its  permanent  posi- 
tion on  the  consumer's  premises  and  under  actual  operating  conditions 
as  regards  voltage,  frequency,  temperature,  stray  fields  and  vibration. 

Rule  5.  Where  shunts,  series  current  transformers  or  potential  trans- 
formers are  used  in  connection  with  a  meter,  the  meter  shall  be  tested 
from  the  line  side  of  such  apparatus  when  the  voltage  does  not  exceed 
600  volts. 

Rule  6.  In  periodic  tests  where  the  line  voltage  exceeds  600  volts,  the 
meter  may  be  tested  as  a  self-contained  meter,  and  the  ratio  certificates 
of  the  transformers  may  be  used  in  calculating  the  true  line  watts,  pro- 
vided said  certificates  are  dated  within  the  five  years  preceding  the  time 
the  meter  is  tested. 

Rule  9.  All  meters  shall  be  adjusted  so  as  to  register  with  an  error 
of  not  more  than  one  per  cent  at  10  per  cent  load  and  at  100  per  cent 
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load,  and  both  of  these  adjustments  shall  be  maintained  in  this  condition 
as  nearly  as  possible. 

Rule  10.  All  meters,  whenever  possible,  shall  be  tested  at  three  loads: 
10  per  cent  of  the  rated  capacity  of  the  meter,  normal  load,  and  lOO  per 
cent  of  the  rated  capacity  of  the  meter. 

The  average  of  these  tests,  obtained  by  multiplying  the  result  of  the 
test  at  normal  load  by  three,  adding  the  result  of  the  tests  at  lo  per  cent 
capacity  and  loo  per  cent  capacity  and  dividing  the  total  by  five,  shall  be 
deemed  the  condition  of  the  meter,  and  such  final  average  shall  be  re- 
ported to  the  Commission  on  the  form  prescribed  by  it. 

Rule  II.  In  an  installation  where  it  is  impossible  to  obtain  a  load 
of  10  per  cent  of  the  rated  capacity  or  lOO  per  cent  of  the  rated  capacity 
of  the  meter,  tests  shall  be  made  at  the  nearest  obtainable  loads  to  lo 
per  cent  and  loo  per  cent  of  rated  capacity  of  the  meter  and  values  given 
in  the  ratios  as  stated  above. 

Rule  12.  The  following  classification,  in  percentage  of  installation, 
shall  be  used  in  determining  normal  test  load : 

Classification  of  Installation  to  be  Used  in   Testing   Meters   at 

Normal  Load 

A.  Residence  and  apartment  lighting 25% 

B.  Elevator  service 40% 

C.  Factories  (individual  drive),  churches  and  offices 45% 

D.  Factories    (shaft  drive),   theaters,   clubs,   entrances,   hallways 

and  general  store  lighting 60% 

E.  Saloons,  restaurants,  pumps,  air  compressors,  ice  machines  and 

moving  picture  theaters    70% 

F.  Sign  and  window  lighting  and  blowers 100% 

When  a  meter  is  found  to  be  connected  to  an  installation  consisting 
of  two  or  more  of  the  above  classes  of  loads,  the  normal  load  used  must 
be  obtained  by  taking  the  average  of  the  percentages  for  the  classes  so 
connected. 

Rule  13.  Three  tests  shall  be  made  at  each  load  at  which  the  meter 
is  tested,  but  should  any  two  fail  to  agree  within  i  per  cent,  additional 
tests  shall  be  made  until  three  results  are  obtained,  which  do  not  vary  one 
from  another  more  than  i  per  cent. 

This  Commission  has  also  ruled  that  an  allowance  will  be  made  upon 
every  meter  that  is  tested  upon  complaint  as  to  its  accuracy  and  found 
to  register  more  than  104  per  cent  of  accuracy.  The  percentage  upon 
which  the  allowance  will  be  based  will  be  the  percentage  which  the 
meter  is  found  to  be  fast,  above  100  per  cent  of  accuracy. 
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The  term  "  average  accuracy,"  in  the  following  example,  refers  to  the 
value  determined  according  to  the  above  roles. 

Examples:  (i)  The  method  of  computing  the  average  accuracy  is  illus- 
trated below. 

Percentage   of    Accuracy   at    10%    of   capacity,  95.5  X  i  =  95.5% 
Percentage  of  Accuracy  at  normal  load.  98.7X3  =  296.1% 

Percentage  of  Accuracy  at   100%   of  capacity.   99.6  X  i  =  99.6% 

5  )~49iT2 
Average  Accuracy  =  98.2  (to  nearest  0.1%) 

(2)  A  watt-hour  meter  is  connected  in  a  circuit  furnishing  power  to 
an  elevator  (Class  B)  and  to  a  small  pump  (Class  £). 

Rated  capacity  of  meter,  75  amperes  at  240  volts  =  18  kw.  capacity 

of  installation 

Elevator,  35  horse  power  motor   26.1   kw. 

Pump,  2  horse  power  motor   1.5  kw. 

Total    27.6  kw. 

Percentage  for  elevator    (B)    40%  of  26.1  kilowatts  =  10.4  kilowatts. 
Percentage    for   plump    (E)      70%  of    1.5  kilowatts  =    i.o  kilowatts. 


Normal  load   1 1.4  kilowatts. 

"This  load  is  equivalent  to  approximately  63  per  cent  of  the  watt- 
hour  meter  capacity." 

The  use  of  two  points  for  determining  the  accuracy  of  a  meter,  if 
properly  selected,  would  doubtless  be  equally  as  accurate  as  the  use 
of  three  points,  and,  inasmuch  as  the  meter  can  only  be  adjusted  at 
two  points,  a  test  at  other  points  is  more  or  less  superfluous.  It  has 
been  suggested  that  by  means  of  graphic  recording  instruments,  char- 
acteristic average  load  curves  might  be  obtained  for  different  classes 
of  consumers,  and  the  duration  of  light  load  and  full  load  conditions 
determined,  as  well  as  the  average  light  load  and  the  average  full 
load  used  in  per  cent  of  meter  capacity.  From  these  curves  also, 
the  percentage  of  the  consumption  registered  at  the  average  light 
load  and  full  load  could  be  determined.  The  average  accuracy  of 
the  meter  could  then  be  obtained  by  testing  the  meter  at  the  average 
light  and  full  loads  determined  for  that  class  of  consumers  and  com- 
bining the  results  with  a  weight  assigned  to  each,  corresponding  to 
the  percentage  of  the  consumption  registered  at  that  load.  The 
average  light  load  and  full  load,  as  well  as  the.  r^^tip  of  combinin 
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them,  would  be  different  for  different  classes  of  consumers,  but  it  is 
believed  that  a  comparatively  small  number  of  ratios  would  cover 
the  field  and  give  a  more  accurate  method  of  determining  the  average 
meter  accuracy,  than  any  single  rule  which  is  made  applicable  to 
all  cases. 

The  above  referred  to  Chicago  Ordinance  provides  in  Section  814-C 
for  a  three-point  test  to  determine  that  a  meter  is  within  the  limits 
of  accuracy,  but  Section  814-D,  which  covers  the  matter  of  rebates, 
provides  for  a  single  test  for  determining  this  rebate  as  follows: 

"  Whenever  any  meter  shall  be  inspected  or  tested  under  the 
preceding  section  a  test  reading  of  such  meter  shall  be  made  at  its 
usual  average  load,  if  such  load  can  be  determined,  and  if  such  load 
cannot  be  determined,  then  it  shall  be  tested  at  its  '  normal  load '  as 
hereinafter  fixed.  If  any  such  meter  shall  register  to  exceed  four 
per  cent  (4%)  above  or  below  the  working  standard  at  the  usual 
or  *  normal  load,'  it  shall  be  deemed  incorrect  for  the  purposes  of 
this  section." 

In  reporting  the  percentage  of  accuracy  of  the  watt-hour  meter 
to  the  complainant,  and  the  resultant  percentage  rebate  if  any  is 
due,  it  should  be  made  plain  to  the  consumer  how  that  percentage 
operates  on  his  bill.  If  the  report  states  that  his  meter  is  5  per  cent 
fast,  it  seems  to  be  usual  and  natural  for  the  consumer  to  interpret 
this  as  entitling  him  to  a  five  per  cent  discount  on  his  bill,  whereas 
it  should  be  interpreted  that  the  percentage  of  accuracy  of  his  meter 
is  105  per  cent  and  his  correct  bill  is  therefore  his  incorrect  bill 
divided  by  the  percentage  of  accuracy,  or  it  could  be  stated  in  terms 
of  an  equivalent  discount  on  his  bill. 

The  simplest  way  of  overcoming  this  difficulty  is  to  calculate, 
from  the  percentage  of  accuracy  of  the  watt-hour  meter,  the  kilo- 
watt-hours incorrectly  registered,  and  then  reduce  it  to  the  equiva- 
lent financial  rebate,  eliminating  from  the  report  any  reference  to 
percentage. 

Unless  this  point  is  given  consideration,  however,  in  the  company's 
report  to  the  complainant,  the  case  may  be  reopened,  no  matter 
how  thorough  the  investigation,  because  the  consumer  cannot  check 
his  rebate. 

If  the  cause  of  complaint  in  any  way  involves  the  theft  of  current, 
the  gravity  and  delicacy  of  the  situation  must  be  appreciated  by  all 
concerned,  and  the  most  mature  judgment  used  in  obtaining  the 
necessary  evidence  and  in  handling  the  case  from  the  instant  of  the 
discovery  of  the  theft  to  its  conclusion.  A  hasty  announcement,  or 
decision,  on  this  point  by  an  employee,  without  sufficient  evidence, 
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may  not  only  place  the  company  in  an  embarrassing  position,  but 
may  prevent  the  possibility  of  the  accumulation  of  further  evidence. 
Each  company  should  give  this  subject  the-  gravest  consideration 
and,  with  or  without  the  cooperation  of  their  claim  or  legal  depart- 
ment, devise  a  method  of  dealing  with  this  important  topic. 

If  the  cause  of  complaint  is  found  to  be  the  use.  of  an  incorrect 
register  constant,  a  simple,  lucid  explanation  of  the  principle  and 
action  of  this  constant  and  the  reason  for  its  existence  will  probably 
be  required.  This  may  be  necessary  also  when  the  incorrect  number 
of  zeros  have  been  used  in  connection  with  the  register  reading, 
which  is  equivalent  to  the  use  of  an  incorrect  constant.  The  fol- 
lowing will  serve  the  above  purpose. 

The  register  constant  is  the  factor  used  in  conjunction  with  the 
register  reading  in  order  to  ascertain  the  total  amount  of  electrical 
energy  that  has  passed  through  the  meter. 

Experience  in  designing  watt-hour  meters  has  demonstrated  that 
in  order  to  minimize  the  wear  on  the  jewel  and  other  parts  of  the 
meter,  and  thereby  promote  the  life  of  those  parts,  the  speed  of  the 
moving  element  should  not  be  more  than  50  revolutions  per  minute. 
For  this  reason,  the  moving  elements  of  all  capacities  of  meters  of 
a  given  type  are  caused  to  revolve  at  practically  the  same  full  load 
speed,  and  therefore  the  amount  of  electrical  energy  causing  one 
revolution  of  the  moving  element  necessarily  increases  as  the 
capacity. 

Since  this  value  varies  as  the  capacity,  it  is  therefore  governed  by 
the  capacity  of  the  meter,  hence  the  gear  ratio  and  the  numerical 
value  of  one  revolution  of  the  first  dial  hand  are  the  only  remain- 
ing quantities  which  can  be  varied  in  order  that  the  numerical  value 
of  the  register  constant  may  be  kept  the  same  for  meters  of  dif- 
ferent capacities. 

In  the  design  and  construction  of  the  register  mechanism  of  meter, 
the  manufacturers  have  kept  the  numerical  value  of  the  register  con- 
stant unity  for  meters  of  ordinary  capacity,  by  assigning  the  proper 
values  to  the  divisions  of  the  dials  and  giving  the  gear  ratios  such 
values  that  are  consistent  with  efficient  mechanical  operation. 

For  high  capacity  meters  the  values  necessary  to  be  assigned  to 
the  divisions  of  the  dials  become  too  large  and  those  to  the  gear 
ratios  too  small,  in  order  that  the  numerical  value  of  the  register 
constant  be  unity;  for  such  meters  the  numerical  value  of  the  reg- 
ister constant  is  increased  to  10,  100  or  1,000,  as  may  be  necessary. 
Some  of  the  older  types  required  various  other  values,  according 
to  design. 
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The  required  explanation  may  include  a  terse  reference  to  the 
principles  of  watt-hour  meters,  and  material  for  this  will  be  found  in 
Chapter  III. 

The  above  investigations,  it  is  assumed,  have  been  made — ^and 
such  is  the  usual  policy  of  the  companies — ^with  an  open-minded, 
cooperative  attitude  on  their  part,  making,  voluntarily,  every  effort 
to  discover  the  injustice,  if  there  be  any.  A  report  should,  there- 
fore, not  be  turned  into  the  commercial  department  until' the  tester, 
or  adjuster,  feels  that  he  has  accounted  for  the  complaint,  and  can 
give  a  clear  statement  of  the  case  that  may  be  understood  by  the 
department  and  the  consumer.  It  may  be  that  the  commercial  de- 
partment will  deem  it  advisable  at  times  to  return  the  complaint  to 
other  departments  for  more  complete  or  satisfactory  explanations. 
In  case  the  consumer  is  not  finally  satisfied,  or  wishes  an  independent 
check  on  the  meter  accuracy,  the  civic  commissions  have  provided 
for  a  referee  test  to  be  conducted  by  them  at  the  request  of  the 
consumer. 

In  accordance  with  legislative  laws  of  certain  states,  therefore, 
consumers  have  the  right  to  demand  that  their  meters  be  tested  when 
desired,  but  the  law  also  provides  that  where  the  meter  is  found 
registering  within  commercial  accuracy  (varying  from  4  to  5  per 
cent  of  correct  registration)  me  consumer  shall  pay  the  costs  of 
such  tests. 

Excerpts  exemplifying  rules  and  regulations  relative  to  electric  service 
and  electricity  meter  testing,  as  formulated  by  ^ivic  Commissions  follow: 

Rules  of  the  Railroad  Commission  of  'Wisconsin 

Rule  14.  No  electric  meter  which  registers  upon  **  no-load "  shall  be 
placed  in  service  or  allowed  to  remain  in  service. 

Rule  15.  No  electric  meter  shall  be  placed  in  service  or  allowed  to 
remain  in  service  which  has  an  error  of  registration  in  excess  of  four 
per  cent  on  light  load,  half  load,  or  full  load. 

Rule  16.  Each  electric  service  meter  shall  be  tested  and  adjusted  for 
accuracy  at  the  time  of  its  installation. 

Rule  17.  Each  electric  service  meter  shall  be  tested  at  least  once 
each  year;  the  test  to  be  made  by  comparing  the  meter  while  connected 
in  its  place  of  service  with  suitable  standards,  on  light  load,  half  load, 
and  full  load  rate  of  operation. 

Rule  18.  A  complete  record  shall  be  kept  of  all  tests  made  on  elec- 
tric meters. 

Rule  19.    Each  company  supplying  electrical  energy  shall  provide  itself 
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with  suitable  equipment  for  the  testing  of  meters,  and  shall  employ  such 
methods  as  are  approved  by  the  Railroad  Commission. 

Rule  20.  Each  company  supplying  electrical  energy  shall  make  a  test 
of  the  accuracy  of  a  meter  upon  request  of  a  consumer,  provided  such 
consumer  does  not  make  request  for  tests  more  frequently  than  once  in 
six  months.  A  report  giving  the  results  of  such  tests  shall  be  made  to 
the  consumer,  and  a  complete  record  of  the  same  shall  be  kept  on  file 
in  the  office  of  the  company. 

Rule  21.  Upon  formal  application  of  any  consumer  to  the  Railroad 
Commission,  a  test  shall  be  made  upon  the  consumer's  meter  by  an  inspec- 
tor employed  by  the  Railroad  Commission,  such  test  to  be  made  as  soon  as 
practicable  after  the  receipt  of  the  application.  For  such  test  a  fee  of 
two  dollars  ($2.00)  shall  be  paid  by  the  consumer  making  application  for 
the  test  if  the  meter  is  found  to  be  slow  or  correct  within  the  allowable 
limits,  and  by  the  company  owning  the  meter  if  the  meter  is  found  to 
be  fast  beyond  the  allowable  limit. 

Rule  22.  Each  company  supplying  electrical  energy  shall  maintain  a 
record  of  all  interruptions  of  service  upon  the  entire  system  or  major 
divisions  of  its  system,  and  include  in  such  record  time,  duration,  and 
cause  of  each  interruption. 

Rule  23.  Each  company  supplying  electrical  energy  on  constant  poten- 
tial systems  shall  adopt  and  maintain  a  standard  average  value  of  volt- 
age as  measured  at  any  consumer's  cut-out,  which  shall  remain  constant 
from  day  to  day,  and  vary  during  any  one  day  by  an  amount  not  more 
than  six  per  cent  of  the  minimum  value. 

Rule  24.  Each  company  supplying  electrical  energy  for  incandescent 
illumination  shall  adopt  and  maintain  some  method  of  procedure  which 
will  insure  periodic  inspection  of  incandescent  lamps  to  which  current 
is  supplied  and  under  which  the  company  will  render  its  consumers 
assistance  in  securing  incandescent  lamps  best  adapted  to  the  operation 
of  the  system.  Each  company  shall  submit  to  the  Railroad  Commission 
of  Wisconsin  the  details  of  such  method  of  procedure  as  it  may  adopt. 

The  fee  established  in  the  above  Rule  21,  is  very  nominal  and  is  hardly 
equitable  for  all  tests  under  varying  conditions  of  meter  capacities, 
amounts  of  bills,  geographical  distance  from  the  State  capital  to  the 
complainant  and  other  features.  The  fact  that  such  a  check  on  the  com- 
pany is  available  at  such  a  low  price  is,  however,  a  strong  moral  influ- 
ence, not  only  affecting  the  companies,  but  tending  to  restrict  the  too 
frequent  requests  for  tests  on  trivial  complaints;  at  least  it  appears  that 
the  Commission  has  received  only  approximately  fifty  requests  to  make 
tests  of  this  character  since  the  adontion  of  the  rule. 
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The  Chicago  Ordinance  provides  as  follows: 

*'By  whom  fee  to  be  paid.  If  the  result  of  an  inspection  or  tests 
made  under  and  in  accordance  with  the  provisions  of  this  ordinance 
shall  show  any  meter  so  inspected  to  be  inaccurate  or  incorrect,  as 
defined  herein,  on  any  test  hereinbefore  provided,  and  to  be  register- 
ing a  greater  amount  of  electricity  than  passes  through  the  same, 
within  the  limits  fixed  herein,  the  amount  advanced  by  the  consumer 
requesting  such  inspection  shall  be  forthwith  returned  to  him,  and 
such  inspection  or  tests  shall  be  made  without  cost  or  expense  of 
any  kind  whatsoever  to  such  consumer;  and  in  such  case  the  fee 
provided  for  such  inspection  or  tests  shall  be  charged  to  or  paid  by 
the  person,  firm  or  corporation  installing  or  using  the  meter  so 
found  to  be  inaccurate  or  incorrect.  If  the  result  of  such  inspection 
or  tests  shall  show  such  meter  not  to  be  registering  a  greater  amount 
of  electricity  than  passes  through  the  same,  within  the  limits  fixed 
herein,  the  expense  or  cost  of  such  inspection  or  tests  shall  be  paid 
out  of  the  fee  required  to  be  advanced  by  the  consumer  making  the 
application  for  such  inspection,  and  no  part  of  the  fee  advanced  shall 
in  such  case  be  returned  to  the  at)plicant.  The  current  consumed 
or  used  in  making  such  inspection  or  tests  shall  not  be  charged  to 
the  account  of  such  consumer. 

"  The  inspection  and  tests  herein  provided  for,  to  be  made  by  the 
city  electrician,  shall  be  conclusive  upon  both  the  consumer  making 
application  for  such  inspection  and  tests  and  the  person,  firm  or  cor- 
poration furnishing,  installing  or  using  such  meter. 

"  Fees.  The  following  shall  be  the  fees  charged  by  the  city  elec- 
trician for  the  inspection  or  tests  of  electric  meters  operating  on  cir- 
cuits of  600  volts  or  less,  as  provided  for  by  Section  814  hereof,  to 
wit: 

AmxKsres,  RatedfCapacity  Pees 

10  or  less    $i-50 

Over  10  but  not  more  than  15 2.00 

Over  15  but  not  more  than  25 2.50 

Over  25  but  not  more  than  50 3-00 

And  for  each  additional  25  amperes  or  fraction  thereof...  .50." 

The  New  York  Commission's  charge  for  testing  is  as  follows: 
"  For  two  or  three  wire  watt-hour  meters,  operating  on  constant  poten- 
tial circuits  of  600  volts,  or  less,  of  capacity  of: 

10  amperes  or  less  $1 .50 
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Over  IS  amperes  but  not  more  than  25  amperes  2.50 

Over  25  amperes  but  not  more  than  50  amperes  3.00 

For  each  additional  25  amperes  or  fraction  thereof 50. 

**  The  fee  must  accompany  application  for  test,  but  if  the  results 
of  test  show  that  the  meter  is  operated  to  the  consumer's  disad- 
vantage (more  than  4  per  cent  fast)  the  fee  will  be  returned. 

"  The  Department  of  Water  Supply,  Gas  and  Electricity  requires 
a  uniform  deposit  of  $2.00  for  each  meter  to  be  tested,  which  will 
be  returned  if  the  meter  is  found  to  exceed  the  limit  of  accuracy  as 
defined  by  law  (more  than  4  per  cent  fast)." 

The  General  Assembly  of  the  State  of  Maryland  in  1910  passed  an 
act  to  create  and  establish  a  Public  Service  Commission,  and  the 
parts  relating  to  meters  are  as  follows: 

"  And  be  it  further  enacted,  That  if  any  consumer  to  whom  a  meter 
has  been  furnished  shall  request  the  Commission  to  inspect  such 
meter,  the  Commission  shall  have  the  same  inspected  and  tested; 
if  the  same,  on  being  tested,  shall  be  found  to  be  4  per  cent,  if  an 
electric  meter,  defective  or  incorrect,  to  the  prejudice  of  the  con- 
sumer, the  inspector  shall  order  the  gas  or  electric  corporation 
forthwith  to  remove  the  same  and  to  place  instead  thereof  a  correct 
meter,  and  the  expense  of  such  inspection  and  test  shall  be  borne  by 
the  corporation;  if  the  same,  on  being  so  tested,  shall  be  found  to 
be  correct,  the  expense  of  such  inspection  and  test  shall  be  borne 
by  the  consumer.  A  uniform  reasonable  charge  shall  be  fixed  by 
the  Commission  for  this  service." 

Of  course,  the  companies,  in  nearly  all  cases,  make  similar  tests 
free  of  charge. 

The*  following  gives  data  on  the  watt-hour  meters  tested  on  com- 
platnt  by  Public  Service  Commissions: 

The  Commission  of  the  First  District  of  New  York  tested,  on 
complaint,  the  meters,  the  accuracy  of  which  is  shown  in  the  follow- 
ing table: 

Year  4%  or  More  Past  Within  4%  4%  or  More  Slow       Meters  Tested 

1908  134%  74-9%  11.7%  239 

1909  7.2%  82.9%  9.8%  925 

1910  5-6%  88.6%  5.8%  637 

1911  5-4%  90.0%  5-6%  609 

The  figures  mean  that  the  above  percentage  falls  within  the  group 
specified.     For  example,  in  191 1,  90  per  cent  of  all   meters  tested  were 


•      mm 
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The  Railroad  Commission  of  Wisconsin  gives  the  following  data 
on  watt-hour  meter  complaint  tests.  The  average  percentage  of  accuracy 
at  different  loads  is  as  follows: 

Year  No.  Tested  Light  Load        One-Half  Load  FuU  Load 

1910  II  89.7  92.3  92.9 

1911  15  91.6  100.6  100. 1 


•< 


Registering  to  the  prejudice  of  the  consumer,  3  meters  in  1910;  5  in 
191 1.  L 

"  Did  not  register  to  the  prejudice  of  the  consumer,  8  meters  in  1910; 
10  in  1911." 

Maximum  registration  to  the  prejudice  of  the  consumer  averaged 
6  per  cent  fast  in  1910;  6.4  per  cent  in  191T. 

A  set  of  blank  complaint  forms  should  be  designed  to  assist  in  car- 
rying out  the  routine  of  this  feature  of  the  business  and  to  record  the 

RtPORT  or  Complaints 

^  •>!  mum  m— tiiCT  roii  nttfmein  fummtan  m  ■diiihiiw«i.'wi  tw—  •ammn. 


Pig.  377. — ^Weekly  Report  of  Complaints. 

results.  It  is  well  to  so  keep  the  record  that  the  name  of  con- 
sumer, address,  date  of  receipt  of  complaint,  date  settled,  complaint 
number,  nature  of  complaint,  results  of  investigation,  nature  of  set- 
tlement and  remarks,  are  made  a  matter  of  record. 

The  number  of  complaints  received  from  any  consumer  can  be 
determined,  and  the  number  of  complaints  investigated  each  month, 
and  other  data  for  monthly  or  special  reports  can  be  collected  (Fig.  :i77). 
The  following  are  a  few  suggestions  for  these  complaint  forms: 
In  one  company  (Fig.  378)  when  a  consumer  makes  a  complaint 
on  a  bill,  it  is  made  to  the  commercial  department,  who  fill  out  a  com- 
plaint form  and  forward  it  to  the  meter  department.  At  the  same  time 
a  carbon  copy  is  retained  in  the  commercial  department  as  a  follow-up 
record.    A  notice  is  also  sent  to  the  auditing  department  to  waive  penalty 
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department  looks  up  the  last  test  on  the  consumer's  watt-hour  meter, 
and  if  a  very  recent  test  has  been  made,  the  meter  is  re-read,  and  the 
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PlG.^378. — Forms  for  Handling  of  Consumers'  Complaints. 


result  put  on  the  form.     If  the  meter  has  not  been  recently  tested,  a  test 
is  made. 

\A/tii1*  ih^  t^«f#»r  lA  tVi*»r«»  hi*  also   tests  fnr  leak-s   nr   orroiinHs   in   th#» 
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wiring,  and  for  any  cause 
as  suggested  in  the  earlie 


that  might  cause  an  unusually  large  bill, 
portions  of  the  chapter.     The  results  o( 


PiC'  379.~-Fonn  lor  Hudling  of  CaoHanen'  Can|daiiita.    Obvow  uid  RemK  Sida. 
this   test   and   inspection   are   put   on   the  complaint   form,   which   is   then 
turned  to  the  commercial  department,  who  check  it  on  their  follow-up 
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•. 


copy,  and  forward  complaint  to  the  auditing  department.  This  latter 
department  looks  for  errors  in  the  reading  of  the  meter,  audits  the  bill 
and  returns  it  to  the  commercial  department,  which  in  turn  either  writes 
a  letter  to  the  consumer  or  sends  a  representative  of  the  company  to 
explain  the  results  of  the  investigation. 
That  part  of  the  complaint  form  shown  in  Fig.  379,  which  is  between 
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Pig.  380. — Ponzi  for  Handling  Consumers'  Complaints.     Obverse  and  Reverse  Sides. 


the  first  two  double  lines,  is  filled  out  by  the  commercial  department, 
which  receives  the  complaint  from  the  consumer.  Here  are  entered  the 
meter  number  and  register  constant  as  shown  by  the  bill,  the  readings, 
the  kilowatt-hours  consumed  during  the  disputed  period  and  the  previous 
month's  bill,  with  a  brief  general  statement  of  the  reasons  the  consumer 
gave  for  his  complaint.  This  form  is  then  sent  to  the  meter  department 
and  follows  an  established  routine  similar  to  those  above. 

Fig.  380  shows  the  obverse  and  reverse  sides  respectively  of  a  form 
used  by  another  company. 
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Pig.  it\. — Pom  for  Handling  of  CoDiumen'  CompUiati. 

Stil!  another  form  is  shown  in  Fig.  381. 

In  another  company  the  following  complaint  forms  and  methods 
sed: 
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Form  No.  T  47  (Fig.  382)  is  the  form  used  by  the  commercial  depart- 
ment to  notify  the  claim  department  of  a  complaint.  The  latter  depart- 
ment fills  out  another  form    (Fig.  382)    in  triplicate,  keeping  a  yellow 


MCMOfUNDUM  OF  COMPLAINT 


to  MM. 


.*lm 


WV     50701 

MBMORANDUM  OP  COMPLAINT 


.W.Hn. _Aa 


-to ICW.nn.  ^ 


Pig.  382. — Memoranda  of  Complaint. 

copy  until  the  settlement  of  complaint,  when  it  is  filed  according  to  the 
number  in  the  upper  right-hand  corner;  sending  a  white  copy  to  the 
meter  department  for  the  investigation,  and  sending  a  pink  copy  to  the 
bookkeeper,    who   makes   notation   on   the    consumer's    account    that    tf^ 


S8o 
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investigation  is  proceeding.    The  meter  department  may  use  the  form  in 
Fig.  383  in  its  investigation. 

In  concluuon,  it  is  urged  that  the  relation  of  the  company  to  the 
consumer  is  the  same  as  that  of  any  producer  to  those  who  use  his 
products.     It   is   essential  that  this  relationship   be  very   close    and 
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Pig.  383. — ^Watt-hour  Meter  Invcitigation  Re.  or,^. 

friendly.  In  the  eyes  of  the  consumer,  the  meterman  or  complaint 
adjuster  represents  the  company,  hence  his  prime  duty  is  to  main- 
tain pleasant  relations  with  both  present  and  prospective  con- 
sumers. 

He  has  also  to  bear  in  mind  the  importance  of  attending  promptly 
to  any  complaints  the  consumers  may  have  to  make;  in  short,  he 
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must  make  it  evident  to  everyone  that  his  company  is  ready  to  do 
all  in  its  power  for  the  convenience  of  consumers. 

Hence  the  necessity  for  giving  careful  attention  to  such  consumers 
as  have  already  been  secured.  The  company's  efforts  to  obtain  new 
consumers  will  not  be  of  much  avail  if  the  present  consumers  do 
not  feel  that  they  are  receiving  just  and  courteous  treatment  and 
good  service. 

Inquiry  tests  often  take  on  the  same  aspect  as  complaints,  although 
originating  with  the  company,  and  are  handled  by  a  similar  routine,  as 
suggested  above. 
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CHAPTER   XIV 

Service  Watt-hour  Meter  Installation  Devices 

Consumer's  service  watt-hour  meter  location,  installation  methods  and 
the  devices  used  to  facilitate  testing  are  questions  of  prime  impor- 
tance to  both  the  consumer  and  the  company  supplying  the  service,  and 
the  point  at  which  a  watt-hour  meter  is  to  be  placed  should  be  care- 
fully considered  when  laying  out  an  installation. 

The  consideration  of  the  first  two  subjects  is  taken  up  in  Chapter  VI; 
the  last  will  be  considered  here. 

A  number  of  protective  devices  have  been  devised,  which,  when 
used  improve  the  appearance  of  the  watt-hour  meter  installation,  pro- 
vide a  ready  means  of  testing  and  protect  the  watt-hour  meter  and 
service  wires  from  tampering. 

An  acceptable  auxiliary  device  for  use  with  an  electricity  meter 
may  be  defined  broadly  as  one  which  permits  of  so  adjusting  the  meter 
that  the  combination  of  meter  and  auxiliary  device  registers  with  reliabil- 
ity and  commercial  accuracy  the  energy  supplied  to  the  receiving  circuit. 
Auxiliary  apparatus  which  does  not  belong  to  an  acceptable  type  should 
never  be  used  as  a  part  of  a  standard  meter  installation. 

The  devices  illustrated,  together  with  their  enclosure,  are  made 
with  fire-proof  materials,  and  are  so  arranged  that  the  metal  conduit 
leading  from  the  service  may  enter  the  trim,  or  enclosure,  thus,  protect- 
ing the  service  conductors  from  the  point  of  entrance  to  the  building  to 
the  load  side  of  the  meter. 

The  meter  and  device  may  be  assembled  and  wired  in  advance  and 
sent  to  the  consumer's  premises  ready  for  connection  to  the  service.  This 
is  an  advantage  in  that  it  makes  unnecessary  any  extensive  installation 
work  on  the  premises  of  a  consumer,  and  it  also  permits  the  wiring 
and  assembling  to  be  done  in  the  supply  department,  at  a  time  con- 
venient to  the  central  station,  and  by  other  than  expert  wiremen. 

The  development  of  service  protectors  has  been  carried  along  lines  to 
facilitate  and  accelerate  the  testing  of  meters,  and  at  the  same  time  with- 
out in  any  way  interfering  with  the  functions  of  the  device  or  affecting 
the  continuity  of  the  consumer's  service;  this  latter  feature  being  of 
particular  value  where  translating  devices  such  as  motors,  arc  lamps, 
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et   cetera,   requiring  the  polarity   to   remain   unchanged,   are    in    the 
circuit. 

Where  the  devices  are  used  in  conjunction  with  polyphase  watt-hour 
meters,  the  work  of  testing  may  be  done  by  an  ordinary  routine  tester, 
rather  than  one  having  special  training,  since  no  intricate  connections 
are  necessary  and  there  is  no  possibility  of  reversing  the  phases. 

A  full  line  of  protective  devices  are  illustrated  in  their  various  ap- 
plications to  several  types  of  watt-hour  meters  in  Figs.  384  to  389. 
The  device  is  designed  to  protect  the  watt-hour  meter  service  wiring; 
the  meter's  internal  mechanism  and  the  service  cut-out,  and  to  afford 
convenient  facilities  for  testing  the  watt-hour  meter  without  the 
necessity  of  disconnecting  the  meter  wiring  and  without  affecting 
the  continuity  of  the  consumer's  service.  This  latter  feature  is  accom- 
plished by  means  of  a  testing  plug,  forms  of  which  are  shown  in  Fig. 
390  and  contacts  embodied  in  the  cut-out  block,  as  shown  in  the  vari- 
ous figures,  when  the  iron  meter  connection  box  covers  have  been  re- 
moved. In  Fig.  391  is  shown  a  diagram  of  connections  and  explanatory 
sketches,  indicating  the  use  of  this  device  in  connection  with  consumer's 
watt-hour  meter  testing. 

The  accompanying  figures  show  very  clearly  several  complete 
installations  of  protective  watt-hour  meter  connection  boxes,  watt- 
hour  meter  testing  blocks  with  protective  boxes  for  the  same,  and 
several  forms  of  scaling  straps  and  seals,  in  various  suggestive  com- 
binations. These  devices  are  manufactured  by  the  Metropolitan 
Engineering  Company,  of  Brooklyn,  N.  Y. 

A  type  of  terminal  device  illustrated  in  Fig.  392  consists  essentially 
of  a  small  iron  box  or  fitting,  with  facilities  for  terminating  the  service 
and  watt-hour  meter  wiring,  as  described  below. 

Inside  of  each  box  is  a  porcelain  block,  upon  which  are  mounted 
five  brass  terminals.  The  feed  wires  enter  the  box  through  conduit, 
and  on  the  opposite  side  are  five  holes  large  enough  to  pass  No.  10 
B.  &  S.  gauge  wire  which  leads  to  the  watt-hour  meter.  This  side 
of  the  box  is  closed  by  a  steel  plate  and  sealed  until  such  time  as 
the  lighting  company  wishes  to  connect  with  the  circuit. 

These  boxes  are  equipped  so  that  the  electrical  contractor  can 
attach  his  wires  to  one  end  of  the  terminals,  and  when  the  lighting 
company  is  ready  to  connect  the  current  it  attaches  its  wires  to  the 
opposite  end  of  the  terminals  and  then  connects  with  the  watt-hour 
meter. 

These  boxes  are  also  designed  so  that  the  cover,  as  w^U  as  the 
steel  plate  on  the  side  of  the  box,  can  be  sealed,  and  are  manufac- 
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Pre.  3BG. — ProtKtiva  Device  Applied  to  Watt- 
hour  Meter.  Cover  Removed.  Metropidi- 
tan  BnEiDecriDB  CompeDy- 
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The  sealing  of  watt-hour  meters  and  protective  devices  is  of  the 
utmost  importance.  In  order  to  obtain  the  best  results  a  good  appliance 
should  be  adopted  and  the  routine  of  the  sealing  system  carefully  main- 

The  basis  of  any  sjrstcm  of  sealing  should  be  that  none  but  an 
authorized  representative  of  the  company  have  access  to  the  seals,  or 
sealing  toots,  and  that  the  breaking  of  a  seal  by  other  than  those  whose 
duty  may  require  it.  be  not  tolerated. 

Every  watt-hour  meter  should  be  sealed  when  set  and  a  record 
made  on  the  test,  or  installation  card,  specifying  the  number,  or  symbol, 


Pig,  3tH)' — Pormi  of  Tflfltisf  PlusL     Metn>polit«D  EnKinesing  Cooipuiy. 

of  the  seal  of  the  latest  employee  at  the  meter,  the  number  or  symbol- 
bearing  device  being  charged  to  a  single  employee  and  restricted  to  use 
by  him.  To  maintain  the  system  and  definitely  fix  the  responsibility  for 
the  condition  of  the  meter,  the  employee  next  visiting  the  meter  should 
be  required  to  note  on  his  test,  or  inspection,  card,  the  number  of  the 
seal  he  finds,  as  well  as  his  own,  which  he  attached  to  the  meter.  The 
examination  of  the  seal  before  removal  will  indicate  if  tampering  with 
the  meter  has  been  attempted  or  accomplished.  If  tampering  is  sus- 
pected, the  defective  seal  should  accompany  the  inspector's  report 

The  record  of  the  seals  removed  and  attached  provides  a  system 
useful  in  checking  both  the  character  of  inspection  and  the  different  em- 

nlnuui    h^i/itio    ,r-r-ftt    tn    th»    mMrr 
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The  fundamental  qualifications  of  an  acceptable  seal  are  that, 
when  closed  or  seated,  it  be  impossible  to  open  it  without  leaving  readily 
perceptible  indication  of  the  fact.  It  should  be  so  constructed,  if  of  the 
locking  type,  as  to  be  positive  in  action  and  if  of  the  compression 
type,  the  withdrawal  of  the  sealing  tool  should  be  prevented  until  the 
seal  is'firmly  pressed  with  the  design  on  the  tool. 

Seals  may  be  divided  tnto  two  claues;  first,  thou  requiring  ■  seal- 


ing tool  to  close  and  impress  the  private  mark  of  the  company,  and 
■econd,  those  self-closing,  after  application  in  a  manner  comparable 
with  the  closing  of  a  spring  lock. 

Several  devices  of  the  latter  type  are  available,  such  as  the  all- 
porcelain  seal  with  melal  shackle  and  the  metal  seal  and  shackle  with 
porcelain  breakable  button,  as  illustrated  in  Fig.  393. 

In  the  all-porcelain  design,  the  seal  is  so  constructed  that  the  barbs 
of  the  metallic  shackle  when  driven  home  engage  the  interior  walls 

b.nf    Ihf    c»l    <kf\A    rannnt   hf    wilhrlrawn    pvr-cnl    hv    hrpatms    th*    wir*    nr 
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the  porcelain  seal  itself.  The  metallic  type  of  seal  is  essentially  the 
same  in  principle  as  the  porcelain  seal.  It  is  of  metal,  having  a  breakable 
porcelain  button  through  which  the  shackle  is  passed.  This  seal  may 
be  used  indefinitely  by  installing  new  breaking  buttons.  On  the  face 
or  back  of  either  type  of  seal  may  be  placed  the  name  of  the  company, 
or  such  identiiicalion  marks  as  may  be  desired. 

Another  type,  known  as  the  "  Security  Seal,"  is  illustrated  in  Fig.  394. 


4fr 


PiO.  301.— THinina]  Device  for  Wut-hoor  HMcn.     Appleton  Blwtric  Company. 

These  seals  are  composed  of  four  units,  namely :  a  pair  of  straps,  which 
take  the  place  of  sealing  wire  on  the  cover  of  the  meter,  a  locking  unit, 
a  cap  for  sealing  with  wire  where  straps  cannot  be  used  and  a  renew- 
able plunger. 

All  parts  with  the  exception  of  the  plunger  are  permanent  and 
will  probably  last  as  long  as  the  meter.  The  plungers  which  are 
now  being  furnished  are  made  of  white  metal,  by  die  casting  process, 
and  are  furnished  with  the  initials  of  the  company  using  them  on 
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one  aide  of  the  head,  and  with  the  tester's  or  installer's  number  on 
the  other  side.  The  plunger  is  so  designed  that  expensive  dies  are 
necessary  to  manufacture  them  and  they  cannot  be  duplicated  by  an 
individual  except  at  prohibitive  expense.    The  plungers  can  also  be 


A  W    ™ 


Pib.  303— Seals  of  Porcelain  Type,  (a)  Metallic  Seal  with  Bmkable  Porcdaio  Button. 
Cb)  PoicelBin  Seal  vith  Metallic  Shackle.  <c)  Porcelain  Seal  with  Twisted  Wire,  (d) 
Seaiioff  Wire.     Metropolitaji  Engiaeehnif  Company. 

made  of  gutta-percha,  glass,  aluminum  or  other  material.  If  porce- 
lain plungers  are  desired  they  can  be  furnished  with  the  initials 
molded  on  one  side  of  the  head  and  the  other  side  left  blank  for 
'^'1  purpose  of  stamping  or  marking  the  sealing  date,  the  man's  num- 
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ber,  or  any  other  marking  which  may  be  desirable  to  use.  A  rubber 
stamp  with  changeable  figures  can  be  made  for  each  man  so  that 
the  date  and  the  man's  number  can  be  impressed  upon  the  head  at 
the  time  of  sealing.  This  dating  system  is  now  used  by  one  of  the 
largest  light  and  power  companies  in  the  country  and  has  a  number 
of  advantages. 

In    locking   the    seal    it    is   only    necessary   to    snap   a   renewable 
plunger  into  the  locking  unit.     To  open   the  seal  the  head  of  the 


PiO.  394.— Seal  with  Straps 


Seal  CotnpADy. 


plunger  must  be  severed  from  the  shank,  after  which  the  shank  can 
be  pushed  through  and  out  of  the  locking  unit  and  a  new  plunger 
can  then  be  used  to  reseal.  This  seal  is  so  designed  as  to  permit  its 
use   either  with   straps  or  wires. 

The  straps  have  six  points  of  adjustment  in  their  outer  ends. 
which  permits  making  the  cover  as  tight  as  desired  with  the  arms 
in  correct  position  for  sealing. 

The  strap  method  is  a  neat  and  convenient  method  of  sealing  and^ 
UTCS  time.    The  straps  are  interchangeable  for  different  makes 
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types  of  meters  and  are  furnished  with  the  initials  of  the  company 
using  them  stamped  on  each  strap.  The  straps  can  also  be  furnished 
with  initials  on  one  strap  and  the  company's  number  of  the  meter 
on  the  other. 

The  seals  shown  in  Figs.  395,  396  and  397  represent  the  general  design 
of  lead  lock  and  wire  hasp  seals  of  several  types;  modifications  dif- 
fering only  in  the  shape  of  the  button  or  the  sealing  wire  not  being  in- 


Pic.  305. — Se«1a  of  Padlock  Lud  Type.     Kiyatoiw. 

eluded;  in  general  they  represent  all  of  those  available  desirable  and 
for  sealing  purposes. 

The  "  lead  pipe "  seal,  shown  in  Fig.  398,  is  a  seal  which  may  be 
made  up  by  (he  central  slation  company,  as  it  consists  simply  of  a  piece 
of  sealing  wire,  which  is  twisted  together  in  the  usual  manner,  and  a  piece 
of  small  Vb  inch  lead  pipe  is  slipped  over  the  twisted  end,  flattened  out, 
doubled  back,  and  pressed  and  stamped  with  the  sealing  tool.  The 
meterman  simply  carries  a  small  coil  of  sealing  wire  and  a  few  feet 
of  the  lead  pipe,  from  which  he  constructs  the  seal,  as  indicated 
above  and  shown  in  (he  figure. 
.       The  difference  between  this  lead  seal  and  those  of  the  Chicago 
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car  seal  type  lies  in  its  method  of  manufacture  and  possible  con- 
venience from  this  feature  and  its  entire  dependence  on  the  sealing 
tool  and  the  impressed  identification  mark  for  its  security. 
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The  selection  of  a  seal  should  be  very  carefully  considered.  Con- 
sideration should  be  given  to  its  reliability  as  a  protective  device,  and  to 
its  qualifications  with  respect  to  mechanical  strength  and  ease  of  appli- 
cation. 

It  will  be  noted  that  some  of  these  meters  are  sealed  by  means 
of  straps  and  some  by  means  of  wires.  The  straps  are  used  in 
conjunction   with   the   renewable   type    of   seal,    exemplified    by   the 


> 


Pic.  398. — Seals  of  Lead  Pipe  Type. 


Security  Seal,  and  are  permanent,  being  fitted  to  the  particular 
meter  and  being  used  repeatedly  in  connection  with  the  renewable 
unit  of  the  particular  type  of  seal  utilized.  These  straps  may  be  of 
aluminum,  which  makes  it  difficult  for  an  unauthorized  person  to 
cut  the  strap  and  solder  it  together  again;  are  sometimes  perforated 
with  the  company's  initials,  or  otherwise  stamped  or  identified;  and 
may  be  adjustable,  to  properly  fit  several  sizes  and  makes  of  meters, 
as  exemplified  by  the  Security  straps  in  Fig.  394. 
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CHAPTER   XV 
Watt-hour  Meter  Constants  and  Test  Formulas 

A  constant  is  a  quantity  used  in  a  formula,  the  value  of  which  re- 
mains the  same,  regardless  of  the  values  of  the  other  quantities  used  in 
the  formula. 

In  testing  an  electricity  meter  by  using  indicating  instruments  and  a 
stop  watch,  see  Chapter  VIII,  the  number  of  units  which  have  passed 
through  the  meter  during  the  period  of  test  is  determined  by  counting  the 
number  of  revolutions  of  the  moving  element,  noting  the  time  in  seconds 
required  for  the  moving  element  to  make  the  counted  number  of  revo- 
lutions and  using  the  formula  designated  by  the  manufacturer  of  the 
meter  being  tested. 

To  use  this  formula  it  is  necessary  to  multiply  the  counted  number 
of  r/;volutions  by  several  factors  and  divide  the  product  by  the  number 
of  seconds  noted. 

One  of  the  factors  by  which  the  counted  number  of  revolutions  is 
multiplied  is  a  quantity  designated  by  the  manufacturer.  This  quantity 
is  the  same  for  all  meters  of  the  same  make,  type,  style  and  capacity. 
Therefore,  since  the  value  of  this  quantity  remains  the  same,  regardless 
of  the  values  of  the  other  quantities  used  in  the  calculation,  it  is  a  con- 
stant 

There  are  several  other  quantities  designated  by  the  manufacturers 
which  are  similarly  used  in  calculations  pertaining  to  the  registration  of 
meters.  Since  the  values  of  these  quantities  do  not  change  for  meters  of 
the  same  make,  type,  style  and  capacity,,  they  are  also  constants. 

The  practice  of  the  various  manufacturers  differs  in  regard  to  the  in- 
formation they  mark  upon  meters  and  no  Uniformity  exists  as  to  the 
amount,  character  or  location  of  the  information  marked  thereon. 

This  lack  of  uniformity  is  strikingly  noticeable  in  the  manner  in  which 
the  various  manufacturers  mark  the  dials  of  meters,  and  in  the  various 
terms  in  which  the  different  constants  of  a  meter  are  expressed. 

The  constants  of  a  meter  are: 
(i)  Test  Constant  (Symbol  Kt). 
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The  test  constant  is  usually  designated  by  the  letters  "  K "  or  "C  "   in 
literature  pertaining  to  meter  testing,  and  is  frequently  termed 

"Testing  ConsUnt" 

"Disk  Constant" 

**  Meter  Constant " 

"  Calibrating  Constant " 

•*  Calibration  Constant " 

"  Constant " 

"K" 

"C" 

(a)  Watt-Hour  ConsUnt  (Symbol  Kh). 

(3)  Watt-Second  Constant  (Symbol  K,). 

(4)  Register  Constant  (Symbol  K^). 

In  the  literature  distributed  by  the  manufacturers  the  register  constant 
is  frequently  termed: 


"  Dial  Constant " 
"  Multiplier  " 


These  four  constants  are  at  times  indiscriminately  referred  to  as 
*'  Meter  Constants." 

In  the  following  paragraphs  each  constant  is  defined,  and  the  values 
used  for  the  various  makes,  types,  styles  and  capacities  of  meters  manu- 
factured by  prominent  American  manufacturers  of  the  present  day  are 
tabulated,  together  with  other  information  necessary  to  enable  one  to 
locate  them  on  the  various  makes. 

In  order  to  insure  a  complete  understanding  of  the  explanations  that 
follow,  the  meanings  of  the  various  words  and  phrases  used  throughout 
the  explanations  are  given  by  the  following  definitions. 

The  following  symbols  have  been  standardized  and  will  be  used 
throughout  this  article. 

Gear  ratio  R^ 

Register  constant  K^ 

Register  ratio R, 

Revolutions R 

Seconds  S 

Test  constant  K^ 

Watt-hour  constant  K^ 

Watt-second  constant  K, 
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The  following  definitions  have  been  standardized: 

The  dials  are  the  graduated  circles  over  which  the  dial  hands  move. 

The  dial  hands  are  those  parts  of  the  register  that  move  over  the 
dials  and  point  to  the  numbers  on  the  divisions  of  the  dials. 

The  dial  face  is  that  part  of  the  register  on  which  the  dials  are 
placed. 

The  test  dial  is  an  extra,  graduated  circle,  placed  upon  the  dial  face 
or  other  part  of  the  register,  of  some  meters.  The  test  dial  is  used  only 
when  testing  and  should  never  be  used  when  reading  the  meter. 

The  first  dial  is  the  graduated  circle  over  which  the  most  rapidly 
moving  dial  hand  passes ;  the  test  dial,  if  any  exists,  not  being  considered. 

The  dial  train  consists  of  all  the  wheels  and  pinions  used  as  gear- 
ing to  interconnect  the  dial  hands. 

The  register  is  that  part  which  consists  of  the  wheel  meshing  with 
the  worm  or  pinion  on  the  moving  element  shaft;  all  wheels,  pinions, 
worms,  etc.,  between  the  worm  or  pinion  on  the  moving  element  shaft  and 
the  first  dial  hand;  all  wheels,  pinions,  etc.,  connecting  the  dial  hands  in 
train  of  gears,  and  all  dial  hands,  dials,  dial  face  and  supporting  frame. 

The  register  ratio  (Symbol  Rr)  is  the  number  of  revolutions  re- 
quired to  be  made  by  the  wheel  meshing  with  the  worm  or  pinion  on  the 
moving  element  shaft  to  cause  the  first  dial  hand  to  make  one  revolution. 

The  gear  ratio  (Symbol  Rg)  is  the  number  of  revolutions  required 
to  be  made  by  the  moving  element  to  cause  the  first  dial  hand  to  make 
one  revolution. 

A  standard  register  is  one  in  which  each  of  the  dials  is  divided  into 
ten  equal  parts,  the  parts  being  numbered  from  o  to  9,  both  inclusive; 
the  gearing  between  the  dial  hands  being  such  that  the  relative  move- 
ments of  the  adjacent  dial  hands  are  in  opposite  directions,  and  in  a  10 
to  I  ratio;  the  constant  necessary  to  use  in  conjunction  with  the  register 
reading  being  i,  10,  100  or  1,000  expressed  in  the  desired  unit. 

The  register  reading  is  the  numerical  value  indicated  by  the  dial 
hands  on  the  dials  the  divisions  of  the  dials  considered  as  having  the 
numerical  values  as  marked  on  the  dial  face,  the  test  dial,  if  any  exists, 
not  being  considered. 

The  register  constant  (Symbol  K^)  is  the  factor  used  in  conjunc- 
tion with  the  register  reading  in  order  to  ascertain  the  total  amount 
of  electrical  energy,  in  the  desired  unit,  that  has  passed  through  the  meter. 

The  registration  is  the  numerical  quantity  expressed  in  the  desired 
unit  corresponding  in  value  to  the  energy  that  has  passed  through  the 
meter.  It  is  equal  to  the  product  of  the  register  reading  and  the  register 
constant.    The  registration  during  a  given  interval  of  time  is  equal  to  the 
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product  of  the  register  constant  and  the  diflFerence  between  the  register 
readings  at  the  beginning  and  the  end  of  the  interval. 

The  test  constant  (Symbol  Kt)  is  the  constant  designated  by  the 
manufacturer  to  he  used  in  the  application  of  the  formula  furnished  by 
him  to  check  the  accuracy  of  his  meter. 

The  watt-hour  constant  (Symbol  Kh)  is  the  value  of  the  electrical 
energy  expressed  in  watt-hours  required  to  be  passed  through  the  meter 
in  order  to  cause  the  moving  element  to  make  one  revolution. 

The  watt-second  constant  (Symbol  Ks)  is  the  value  of  the  electrical 
energy  expressed  in  watt-seconds  required  to  be  passed  through  the  meter 
in  order  to  cause  the  moving  element  to  make  one  revolution. 

Register  Gearing. — As  stated  elsewhere,  to  register  properly  the  cur- 
rent or  energy  consumed  it  is  necessary  to  register  the  number  of  revo- 
lutions of  the  moving  element.  To  accomplish  this  the  moving  element 
is  arranged  to  drive  a  registering  mechanism  or  register. 

It  is  desirable  to  have  the  dials  indicate  in  commercial  units,  and  as 
each  revolution  generally  represents  but  a  very  small  fraction  of  a  unit 
it  is  necessary  to  employ  a  train  of  gears  to  obtain  the  proper  speed 
at  the  dials. 

The  relative  speed  of  a  driven  to  a  driving  gear  depends  upon  the  ratio 
of  the  number  of  teeth. 

In  Fig.  399  is  shown  the  gear  A  with  30  teeth  driving  the  gear  B  hav- 
ing 15  teeth,  and  the  gear  C  with  30  teeth  driving  the  gear  D  having 
10  teeth,  therefore 


and 


30 
I  revolution  of  ^  =  -or  2  revolutions  of  B 


30 

I  revolution  of  C=— or  3  revolutions  of  / 


As  B  and  C  are  mounted  on  the  same  shaft,  they  will  necessarily  have 
the  same  speed,  and  one  revolution  of  A  will  produce  6  revolutions  of  D. 
This  relation  may  be  expressed  thus: 

AXC 

•=  Revs,  of  D  to  one  of  A  or 


BXD 
30  X  30 


15  X  10 
Resulting  in  an  increase  in  speed. 


=  6  Revs,  of  D  to  one  of  A 
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When  the  gear  D  drives  C  and  B  drives  A,  the  relation  may  be  e 
pressed  as  follows : 


=  One-sixth  revolution  of  A  to  one  of  D 

Resulting  in  a  reduction  of  speed. 

In  the  dial  train  of  meter  registers,  a  reduction  of  speed  is  desirable 
so  that  the  method  of  calculation  given  may  be  employed  to  determine 
the  speed  of  a  train  of  gears  having  any  number  of  gear  wheels.     The 


30  30 


A  B         c  D 

Fig.  Spg.—Sisiplc  Guiins. 

arrangement  of  gears  shown  represents  the  general  method  employed  in 
meters  to  reduce  the  speed  of  the  register. 

A  worm  and  worm  wheel  are  frequently  used  in  connection  with  gears 
for  speed  reduction. 

A  single  worm  is  simply  a  screw  thread  on  a  shaft  and  in  a  train  of 
gears  acts  similarly  to  a  gear  having  but  one  tooth.  Usually  the  worm 
is  arranged  so  as  to  engage  a  worm  wheel  or  gear  having  a  correspond- 
ingly large  number  of  teeth.  A  double  worm  is  sometimes  employed, 
consisting  of  two  screw  threads  on  a  shaft,  which  acts  as  a  gear  with 
two  teeth. 

In  calculations  a  single  worm  should  be  considered  as  a  gear  having 
one  tooth  and  a  double  worm  as  a  gear  having  two  teeth. 

A  worm  or  gear  mounted  on  the  shaft  of  the  moving  element  is  gen- 
erally used  to  drive  the  gear  train  which  actuates  the  dial  hands. 
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Various  arrangements  of  gears  and  worms  are  employed  to  produce 
practically  the  same  results,  several  of  which  are  shown  in  Figs.  4C0 
to  403. 

In  Fig.  400  K  represents  an  idler  wheel,  which  is  two  gears  on  a  com- 


Single 
Worm    ' 


100 


I 


50 


10 


T 


10 


Qoy 


K 


60 


60 


D/sc 


Hand 


Pig.  40a. — Dial  Train  with  Worm  on  Movinv  Element  Shaft. 

mon  shaft,  each  having  the  same  number  of  teeth.     The  idler  does  not 
change  the  speed,  but  is  used  to  reverse  the  direction  of  the  dial  hand. 
In  Fig.  401  a  gear  on  the  shaft  connects  the  moving  element  to  the 
train,  and  a  double  worm  is  used,  as  indicated  by  L. 


Gear 
72 


4 


75 


/2 


IZO 


24 


.    L 


IZQ 


Disc 


2      Hand 


Pig.  401. — Dial  Train  with  Pinion  on  Moving  Element  Shaft. 

In  Fig.  402  two  single  worms  are  used,  to  reduce  the  number  of  gears 
necessary  to  obtain  the  desired  speed. 
It  is  sometimes  desirable  to  ascertain  the  number  of  revolutions  of  the 
ving  element  required  to  make  a  complete  revolution  of  the  first  dial 
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hand.     When  the  number  of  teeth  in  each  gear  wheel  has  been   deter- 
mined, a  convenient  method  of  arranging  the  gears  to  facilitate  calcula- 
tion is  shown  in  Fig.  403,  and  the/  example  shows  the  calculation  neces- 
sary. 
Example : 


100  X  48  X  36  X  40  X  120 
I  X  12  X  12  X  12  X  12 


=  40,000  revolutions  of  the  moving  ele- 


ment necessary  to  produce  one  complete  revolution  of  the  first  dial  hand. 

Arrange    the    figures    representing   the   number    of    teeth    in    the    gear 

wheels  according  to  their  relative  position  in  the  gear  train,  as  shown 

in  the  diagram,  and  draw  the  diagonal  line  A  A.     It  will  be  noted  that 


Worrr) 


Hand 


Disc 


Pig.  402. — Dial  Train  with  Two  Worms. 


the  number  of  teeth  in  the  driven  gears  are  above  the  diagonal  line  and  the 
number  of  teeth  in  the  driving  gears  are  all  below  the  line.  When  the 
product  of  the  numbers  above  the  line  is  divided  by  the  product  of  the 
numbers  below  the  line,  the  result  will  be  the  gear  ratio  or  the  number 
of  revolutions  of  the  moving  element  required  to  make  a  complete  revo- 
lution of  the  first  dial  hand. 

When  the  total  number  of  watt-seconds  registered  by  one  revolution 
of  the  fifst  dial  hand  is  divided  by  the  number  of  revolutions  of  the 
moving  element  necessary  to  produce  one  complete  revolution  of  the 
first  dial  hand,  the  result  will  represent  the  value  on  the  dial  of  one 
revolution  of  the  moving  element  in  watt-seconds,  which  is  the  constant 
used  in  the  general  formula 


Watt-seconds  (per  revolution)  X  revolutions 


Seconds 


*=  meter  watts 
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By  dividing  the  watt-seconds  per  revolution  of  the  moving  element  by 
3,600,  the  value  of  one  revolution  in  watt-hours  may  be  obtained,  which 
is  the  constant  used  in  the  formula 


3,600  X  revolutions  X  constant 
Seconds 


■=  meter  watts 


(i)  The  test  constant,  standard  symbol  K^,  is  the.  constant  designated 
by  the  manufacturer  to  be  used  in  the  application  of  the  formula  fur- 
nished by  him  to  check  the  accuracy  of  his  meter. 

The  test  constant  designated  to  be  used  by  the  different  manufacturers 
is  expressed  in  various  units.    Some  manufacturers  express  it  in  watt- 


Disc 


Fig.  403. — Method  of  Obtaining  Gear  Ratio. 

hours  or  a  multiple  thereof,  others  in  watt-seconds.  It  can  in  all  cases, 
however,  be  reduced  to  watt-hours,  or  watt-seconds. 

In  a  following  section  formulas  are  given  by  which  the  watt-hour  con- 
stant or  the  watt-second  constant  of  a  meter  can  be  found  if  the  test 
constant  is  known. 

The  following  table  shows  on  what  part  of  the  various  makes  of  meters 
the  test  constant  can  be  found. 


Note:  The  value  of  the  test  constant  is  in  most  cases  marked  on  the 
ictcr  and  should  be  obtained  from  the  meter  when  possible. 
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Make  op 
Meter 

General  Electric 


Location  of  Test 
Constant  on  Meter 


Significance  of 
Test  Constant 


On  the  front  of  the  dial  face  Watt-hours  per  revolu- 
or  terminal  board  on  the  tion  of  moving  ele- 
old  type  of  meters.  ment. 

On   the  moving  element   on 
the  modem  types. 


Westinghouse 


Not  marked  on  meter.  On 
the  interior  of  the  terminal 
chamber  cover  is  marked 
the  number  of  revolutions 
of  the  moving  element  per 
a  stated  number  of  kilo- 
watt-hours ;  from  these 
given  values  the  test  con- 
stant can  be  found  by 
multiplying  the  given 
number  of  kilowatt-hours 
by  3,600,000  and  dividing 
by  the  given  number  of 
revolutions. 


Watt-seconds  per  revo- 
lution of  moving  ele- 
ment. (All  types  ex- 
cept  CW-6.) 


For  type  CW-6— watt- 
hours  per  revolution 
of   moving   element. 


Fort  Wayne 


On  the  moving  element. 


Sangamo 


Type  H  (alternating  cur- 
rent)— On  top  of  register. 

Type  F  (alternating  cur- 
rent)— On  the  moving  ele- 
ment. 

Type  D  (continuous  cur- 
rent)— On  the  moving 
element. 


For  Type  K  meters,  36 
times  watt-hours  per 
revolution  of  moving 
element. 

For  Types  Ki,  K2,  K3 
and  K4  meters,  watt- 
hours  per  revolution 
of  moving  element. 

Watt-seconds  per  revo- 
lution of  moving  ele- 
ment. 
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Make  op  Location  of  Test  Significance  of 

Meter  Constant  on  Meter  Test  Constant 

Duncan  Models    A    and    M — On   the    Watt-hours    per    revolu- 

moving  element.  tion    of    moving    ele- 

Model    E — On    the    bracket        ment. 
supporting     the     compen- 
sating switch. 

Columbia  Types  C,  C-i,  C-2,  C-3  and    Watt-seconds    per    revo- 

C-4,  on  the  name  plate.  lution   of   moving  ele- 

Type  D — On   a  label   inside        ment. 
the  meter  cover  or  on  the 
name  plafe. 

Immediately  following  are  given  the  formulas  used  in  testing  vari- 
ous makes  of  watt-hour  meters,  when  indicating  instruments  and 
a  stop  watch  are  used,  also  tables  containing  the  test  constants  necessary 
to  be  used  in  the  formulas. 

The  standard  formula  for  testing  all  types  and  capacities  of  General 
Electric  watt-hour  meters  when  using  indicating  instruments  and  a  stop 
watch  is 

3,600  X  K,  X  R 
Watts  = 

in  which 

R  =  Number  of  complete  revolutions  of  the  moving  element. 
S  =  Number  of  seconds  required  for  R  revolutions, 
Kj=Test  constant. 
3,600  =  Number  of  seconds  in  one  hour. 

In  the  literature  pertaining  to  watt-hour  meter  testing  distributed  by 
the  General  Electric  Company  the  testing  formula  appears  as  follows : 


3,600  X  K  X  R 
Watts  =^-     - 


in  which 


R  ^  Number  of  revolutions. 

» 

S  =  Number  of  seconds  required  to  make  this  number  of  revo- 
lutions. 
K  =  The  constant. 
3,600  =  Number  of  seconds  in  an  hour. 
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TABLE  OP  TEST  CONSTANTS  FOR  THOMSON 

WATT-HOUR  METERS 

Forms  J,  JN,  J-i,  FN,  DN,  I>-i,  J-2  and  D-2 


Volts 


Amperes 


J.JN.J-i.PN, 
DN.  D-i 


fc'a 


D-2 


Test  Constant      Test  Constant     *i>  «♦,•-«*  n.-— 
(watt-hours)         (watt-hours)      *^*«*  °^  ^^®*" 


50-55 


ti 
II 
II 
II 
II 
II 
II 
11 
II 
II 
II 


L 


lOO-IIO 

I 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
II 

no 
200-220 

II 
II 
II 
II 
II 
II 
II 
it 


5 
10 

15 
25 
50 

75 
100 

150 
200 
300 

450 

600 

1200 

3 

5 
10 

15 

25 
50 

75 

lOO 

150 
200 
300 

450 

600 

1200 

3 

5 
10 

15 
25 
50 

75 
100 

150 


i 

O.I 

i 

0.2 

4 

03 

i 

0.5 

I 

I.O 

2 

1.5 

2 

2.0 

3 

30 

4 

4.0 

6 

6.0 

10 

10.0 

12 

12.5 

24 

25  0 

^ 

0.125 

i   • 

0.2 

i  or  I 

0.4 

I 

0.6 

I 

1.0 

2 

2.0 

3 

3.0 

4 

4.0 

6 

6.0 

8 

7.5 

12 

12.5 

20 

20.0 

24 

25.0 

48  or  50 

50.0 

i 

0.25 

i 

0.4 

I 

0.75 

2 

1.25 

2 

2.0 

4 

4.6 

6 

6.0 

8 

7-5 

12 

12.5 

0.1 
0.2 

0.3 
0.5 

O.I 

15 

0.2 

0.3 
0.4 


o 
I 
I 
o 


6 
o 

25 
25 


o 
o 
o 
o 
I 
o 
o 


125 

2 

4 
6 

o 

2 

3 
0.4 
0.6 

0.75 
1-25 

0.2 

0.25 

0.5 

0.25 
0.4 

0.75 
1.25 

0.2 

0.4 

0.6 

0.75 
1.25 


*  Note:  Ratio  of  Gears  « Number  of  divisions  passed  over  by  the  first  dial  hand  per  revolu- 
tion of  the  worm  wheel,  or.  the  fraction  of  a  revolution  of  the  first  dial  hand  per  ten  revolu- 
tions oi  the  worm  wheel.     This  is  not  the  sear  ratio  defined  above.  A 
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TABLE  OF  TEST  CONSTANTS  FOR  THOMSON 
WATT-HOUR  METERS— (Can/«ntt«0 


J.JN.J-i.PN. 

fc 

T-2 

« 

1 

DN.  D-x 

D-a 

*> 

?                Volts 

Amperes 

^ 

Kfl 

1 

Test  Constant 
~  (watt-hours) 

Test  Constant 
(watt-hours) 

*Ratioof  Gean 

20O-220 

200 

16 

150 

1-5 

fi 

300 

24 

25.0 

0.25 

II 

450 

36  or    40 

40.0 

0.4 

II 

600 

48  or    50 

50.0 

0.5 

220 

1200 

96  or  100 

100. 0 

1,0 

500^550 

3 

I 

0.6 

0.6 

5 

I 

I.O 

1.0 

10 

2 

'  2.0 

0.2 

15 

5 

30 

0.3 

25 

5 

50 

0.5 

50 

ID 

10. 0 

1.0 

75 

15 

150 

1.5 

100 

20 

20.0 

0.2 

150 

30 

30.0 

0.3 

200 

40 

40.0 

0.4 

i 

)                                          1 

300 

60 

60.0 

0.6 

^ 

450 

100 

100. 0 

1.0 

I 

1 

600 

120 

125.0 

1.25 

550 

1200 

240 

250.0 

0.25 

lOOO-IIOO 

10 

3 

4.0 

0.4 

15 

5 

6.0 

0.6 

25 

10 

10. 0 

1.0 

50 

20 

20.0 

0.3 

75 

30 

30.0 

0.3 

100 

40 

40.0 

0.4 

150 

60 

60.0 

0.6 

200 

80 

75  0 

0.75 

2000-2200 

10 

6 

7.5 

0.75 

II 

15 

10 

12.5 

1.25 

II 

25 

20 

20.0 

0.2 

II 

50 

40 

40.0 

0.4 

II 

75 

60 

60.0 

0.6 

*  Note:  Ratio  of  (^ears  »  Number  of  divisions  passed  over  by  the  first  dial  hand  per  rev^u- 
tion  of  the  wonn  wheel,  or.  the  fraction  of  a  revolution  of  the  firtt  dial  hand  per  ten  revolu- 
tions of  the  worm  wheel.    This  is  not  the  gear  ratio  defined  above. 
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TABLE  OF  TEST  CONSTANTS  FOR  THOMSON  WATT- 
HOUR  METERS—lContinued) 


« 

► 

J.JN.J-i.PN. 
DN,D-i 

i5-4 

f^ 

"S.                             T7n]«^a 

Amperes 

^ 

1 

Test  Constant 
(watt-hours) 

Test  Constant 
(watt-hours) 

*  Ratio  of  Gears 

i 

'           2000-2300 

100 

80 

75  0 

0.75 

«« 
J 

150 

120 

125.0 

1.25 

4                                              <1 

200 

160 

150.0 

.1-5 

^ 

300 

240 

250.0 

0.25 

li 

450 

300 

400.0 

0.4 

r 

L 

600 

480 

500.0 

0.5 

200-220 

3H 

H 

0.25 

0.25 

7H 

I 

0.6 

0.6 

15 

2 

I  25 

1.25 

t 

1             ** 

25 

2 

2.0 

0.2 

g 

14 
» 

50 

4 

4.0 

0.4 

1 

*                                                                    MM 
^                                                               It 

75 
100 

6 
8 

6.0 

7.5 

0.6 
0.75 

150 

12 

12.5 

I  25 

200 

16 

15  0 

15 

W 

300 

24 

25.0 

0.25 

**  Notb:  Ratio  of  Gears  >■  Number  of  divisions  passed  over  by  the  first  dial  hand  per  revolu- 
tion ci  the  worm  whed,  or,  the  fraction  of  a  revolution  of  the  first  dial  hand  per  ten  revolu 
tions  of  the  worm  wheel.    This  is  not  the  gear  ratio  defined  above. 
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THOMSON    TYPES    C,    C-5,    C-6   AND    C-9    CONTINUOUS 
CURRENT   WATT-HOUR   METERS 

100-120  Volts,  2- Wire 


Capacity 

in 
Axnporca 

Numerical 
Value  of  1      Test 
Revolution  Constant 
of  X8t  Dial      (Kj 
Hand 

Watt-hour 

Constant 

(Kh) 

Numerical 

Val'je  of 

Register 

Constant 

(Kr) 

Register 
Ratio 

(Rr) 

Gear 
Ratio 
(Rf) 

5 

10                .2 

.2 

500 

50,000 

10 

10             .4 

.4 

250 

25,000 

15 

10                .6 

.6 

l66§ 

i6,6663 

25 

10             I. 

I. 

100 

10,000 

50 

10             2. 

2. 

50 

5,000 

75 

10          3. 

3. 

z:^^ 

3,333i 

100 

10          4. 

4. 

25 

2,500 

150 

10         6. 

6. 

i6§ 

i,666i 

300 

10        12.5 

12.5 

10 

80 

8,000 

600 

10       25. 

25. 

10 

40 

4,000 

200-240  Volts, 

2- Wire 

5 

10 

•4 

.4 

250 

25,000 

10 

10 

.75 

.75 

133* 

i3,333i 

15 

10 

1.25 

1.25 

80 

8,000 

25 

10 

2. 

2. 

50 

5.000 

50 

10 

4. 

4. 

25 

2,500 

75 

10 

6. 

6. 

16I 

1.666I 

100 

10 

7.5 

7.5 

I3i 

i»333i 

150 

10 

12.5 

12.5 

10 

80 

8,000 

300 

10 

25. 

25. 

10 

40 

4,000 

600 

10 

50. 

50. 

10 

20 

2,000 
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THOMSON    TYPES    C,    C-5,    C-7    AND    C-9    CONTINUOUS 
CURRENT   WATT-HOUR   METERS 

400-440  Volts,  2-Wire 


Gai>acity 

in 
Amperes 

Numerical 
Value  of  1      Test 
Revolution  Constant 
of  I  St  Dial      (Kj 
Hand 

Watt-hour 

Constant 

(Kh) 

Numerical 
Value  of 
Register  ' 
Constant 

Register 
Ratio 

(Rr) 

Gear 
Ratio 
(Rf) 

5 

10            .75 

.75 

I33i 

I3r333i 

10 

10          1.5 

1.5 

661 

6,666§ 

15 

10         2.5 

2.5 

40 

4,000 

25 

10           4. 

4- 

25 

2,500 

50 

10             7.5 

7.5 

I3i 

i,333i 

75 

10        12.5 

12. 5 

10 

80 

8,000 

100 

10        15. 

15- 

10 

66§ 

6,6661 

150 

10        25. 

25. 

10 

40 

4,000 

300 

10        50. 

50. 

10 

20 

2,000 

600 

10        100. 

100. 

10 

10 

1,000 

500-600  Volts, 

2-Wire 

5 

10 

I. 

I. 

100 

10,000 

10 

10 

2. 

2. 

50 

5,000 

15 

10 

3. 

3. 

33i 

3,333* 

25 

10 

5. 

5. 

20 

2,000 

50 

10 

10. 

10. 

10 

1,000 

75 

10 

15. 

15. 

10 

66i 

6,666§ 

100 

10 

20. 

20. 

10 

50 

5,000 

150 

10 

30. 

30. 

10 

33i 

3,333i 

300 

10 

60. 

60. 

10 

i6| 

1,6661 

600 

10 

125. 

I2S. 

100 

80 

8,000 
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THOMSON    TYPES    C.    C-s,    C-6    AND    C-9    CONTINUOUS 

CURRENT   WATT-HOUR   METERS 

200-240  Volts,  3-Wire 


Capacity 

in 
Amperes 

Numerical 
Value  o{  X      Test 
Revolution  Constant 
of  I  St  Dial      (K,) 
Hand 

Watt-hour 

Constant 

(Kh) 

Numerical 
Value  of 
Register 
Constant 

(Ke) 

Register 
Ratio 

(Rr) 

Gear 
Ratio 
(RfJ 

5 

10             .4 

.4 

250 

25,000 

10 

10           .75 

■  75 

I33i 

I3.333i 

15 

10         1.25 

I 

.25 

80 

8,000 

25 

TO             2. 

2 

50 

5.000 

50 

10           4. 

4 

25 

2.500 

75 

10             6. 

6 

16I 

1,6661 

100 

10         7.5 

7 

.5 

13* 

i,333i 

150 

10           12.5 

12. 

5 

10 

80 

8,000 

300 

10       25. 

25. 

10 

40 

4,000 

THOMSON    TYPES    CQ    AND    CQ-2    CONTINUOUS    CURRENT 

WATT-HOUR   METERS 

100-120  Volts,  2- Wire 


50 

10 

2. 

2. 

I 

50 

5,000 

75 

10 

3- 

3. 

I 

33i 

3.333* 

100 

10 

4. 

4. 

I 

25 

2,500 

200 

10 

7.5 

7.5 

I 

I3i 

1.333* 

400 

10 

15 

15. 

10 

661 

6,666i 
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THOMSON   TYPES  CQ  AND   CQ-2   CONTINUOUS   CURRENT 

WATT-HOUR   METERS    iContinued) 

200-240  Volts,  2- Wire 


Capacity 

in 
Amperes 

Numerical 
Value  of  I      Test 
Revolution  Constant 
of  1st  Dial      (Ki) 
Hand 

Watt-hour 

Constant 

(Kh) 

Numerical 
Value  of 
Register 
Constant 

Register 
Ratio 

(Rr) 

Gear 

Rauo 
(Rg) 

50 

10           4. 

4. 

I 

25 

2.500 

75 

10            6. 

6. 

I 

i6i 

1, 6661 

100 

10         7.5 

7.5 

I 

I3i 

^.333^ 

200 

10           15. 

15. 

10 

66§ 

6.6668 

400 

10        30. 

30. 

10 

33i 

3.333i 

500 

-600  Volts, 

2- Wire 

50 

10 

10. 

10. 

I 

10 

1,000 

75 

10 

15. 

15. 

10 

661 

6,6661 

100 

10 

20. 

20. 

10 

50 

5,000 

200 

10 

40. 

40. 

10 

25 

2,500 

200-240  Volts,  3-Wire 


50 

75 
100 
200 


10 

4. 

4. 

10 

6. 

6. 

10 

7.5 

7.5 

10 

15. 

15. 

I 
I 
I 

10 


25 

2,500 

i6§ 

1,666! 

i3i 

i,333i 

66§ 

6,6661 
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ELECTRICAL  METERMAN'S  HANDBOOK 


THOMSON   TYPES   CP,   CP-2,    CP-3   AND    CP-4    PREPAYMENT 
CONTINUOUS   CURRENT   WATT-HOUR    METERS 

100-120  Volts,  2- Wire 


Capacity 

in 
Amperes 

3 

5 
10 

15 
25 


Nuznerical 
Value  of  I      Test 
Revolution  Constant 
of  1st  Dial      (Kl) 
Hand 


10 
10 
10 
10 
10 


.125 
.2 

.4 

.6 


Watt-hour 

Constant 

(Kh) 


125 
2 


I. 


4 
6 


Numerical 

Val  le  of 

Register 

Constant 

(K,) 


Register 
Ratio 

(Rr) 

800 

500 

250 

l66§ 

100 


Gear 
Ratio 
(Rg) 

80,000 
50.000 
25,000 

i6.666§ 
10,000 


200- 

-240  Volts,  2- Wire 

3 

10 

.25 

.25                I 

400 

40.000 

5 

10 

.4 

.4                  I 

250 

25,000 

10 

10 

.75 

.75                I 

133* 

13.333* 

15 

10 

1.25 

1.25                I 

80 

8,000 

25 

10 

2. 

2.                     I 

50 

5,000 

200 

-240  Volts.  3- Wire 

3 

10 

.25 

.25                 I 

400 

40,000 

5 

10 

.4 

.4                   I 

250 

25,000 

10 

10 

.75 

.75                 I 

mk 

13.333* 

15 

10 

1.25 

1.25                 I 

80 

8,000 

25 

10 

2. 

2.                     I 

50 

5,000 

CONSTANTS  AND   TEST  FORMULAS 
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TABLE  OP  TEST  CX)NSTANTS  FOR  GENERAL  ELECTRIC  HIGH 
TORQUE  INDUCTION  METERS,  DIRECT  READING 

REGISTERS.  50-140  CYCLES 


lOO-XIO  VOLTS 

SOO-550  VOLTS 

• 

Test 

nutio 

Test 

♦Ratio 

Amperes 

Constant 

of 

Amperes 

Constant 

of 

(watt-hours) 

Oears 

(watt-hours) 

Gears 

3 

0.2 

0.2 

3 

1.0 

1.0 

5 

0.3 

0.3      • 

5 

1.5 

1.5 

10 

0.6 

0.6 

10 

3.0 

0.3 

15 

I.O 

1.0 

15 

50 

0.5 

25    • 

1.5 

1.5 

25 

7.5 

0.75 

50 

3.0 

0.3 

50 

150 

1.5 

75 

5.0 

0.5 

75 

25.0 

0.25 

100 

6.0 

0.6 

100 

30.0 

0.3 

150 

1 0.0 

1.0 

150 

50.0 

0.5 

200-220  VOLTS,  a-WXKB 

200-220  VOLTS,  3-WIIlB 

Test 

♦Ratio 

Test 

♦Ratio 

Amperes 

Constant 

of 

Amperes 

Constant 

of 

(watt-hours) 

Gears 

(watt-hours) 

Gears 

3 

0.4 

0.4 

3H 

0.5 

0.5 

5 

0.6 

0.6 

y'A 

1.0 

1.0 

10 

1.25 

1.25 

15 

2.0 

0.2 

15 

2.0 

0.2 

25 

3.0 

0.3 

25 

3.0 

0.3 

50 

6.0 

0.6 

50 

6.0 

0.6 

75 

1 0.0 

1.0 

75 

lO.O 

1.0 

100 

12.5 

1.25 

lOO* 

150 

20.0 

0.2 

150 

♦  Note:  Ratio  of  Gears  ■■Ntunber  of  divisions  passed  over  by  the  first  dial  hand  per  revolu- 
tion of  the  worm  wheel,  or,  the  fraction  of  a  revolution  of  the  first  dial  hand  per  ten  revolu- 
tions of  the  worm  wheel.    This  is  not  the  gear  ratio  defined  above. 
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ELECTRICAL   METERMAN^S   HANDBOOK 

THOMSON  TYPE  I  WATT-HOUR  METERS 

no- 120  Volts,   2- Wire,   Single-Phase 
56  Cycles  and  Above 


Capacity 

in 
Amperes 

Numerical 
Value  of  I      Test 
Revolution  Constant 
of  ist  Dial      (Kt) 
Hand 

Watt-hour 

Constant 

(Kh) 

Numerical 

Value  of 

Register 

Constant 

(K,) 

Register 
Ratio 

(Rr) 

Gear 
Ratio 

(Ric) 

3 

10 

.2 

.2 

500 

50,000 

5 

10 

.3 

.3 

333i 

33,333i 

10 

10 

.6 

.6 

i66§ 

i6,666i 

15 

10 

I. 

I. 

100 

10,000 

25 

10 

1.5 

1.5 

•           J 

66i 

6,6661 

50 

•        10 

3. 

3- 

33i 

3i333i 

75 

10 

5. 

5. 

20 

2,000 

100 

10 

6. 

6. 

16I 

1,6661 

150 

10 

10. 

10. 

10 

1,000 

200 

10 

12.5 

12.5 

10 

80 

8,000 

300 

10 

20. 

20. 

10 

50 

5,000 

600 

10 

40. 

40. 

10 

25 

2,500 

200-240  Volts,  2- Wire,  Single-Phase 
56  Cycles  and  Above 


3 

10 

.4 

.4 

250 

25,000 

•  5 

10 

.6 

.6 

i663 

i6,6663 

10 

10 

1.25 

1.25 

80 

8,000 

15 

10 

2. 

2. 

50 

5.000 

25 

10 

3- 

'3. 

33i 

3,333* 

50 

10 

6. 

6. 

i6§ 

i,666§ 

75 

10 

10. 

10. 

10 

1,000 

100 

10 

12.5 

12.5 

10 

80 

8,000 

150 

10 

20. 

20. 

10 

50 

5,000 

200 

10 

25. 

25. 

10 

40 

4,000 

300 

10 

40. 

40. 

10 

25 

•2,500 

600 

10 

75. 

75. 

10 

I3i 

i,333i 

CONSTANTS  AND   TEST  FORMULAS 

THOMSON  TYPE  I  WATT-HOUR  METERS   iConiinued) 

500-600  Volts,  2- Wire,  Single-Phase 
56  Cycles  and  Above 
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Capacity 

in 
Amperes 

Nttmerical 
Value  of  I 
Revolution 
of  ist  Dial 
Hand 

Test 
Constant 

Watt-hour 

Constant 

(Kh) 

Numerical 
Value  of 
Register 
Constant 

(Kr) 

Register 
Ratio 

(Rr) 

Gear 

Ratio 
(Rg) 

3 

10 

I. 

I. 

100 

10,000 

5 

10 

1.5 

1.5 

661 

6,6661 

10 

10 

3. 

3. 

33i 

3,333i 

15 

10 

5. 

5. 

20 

2,000 

25 

10 

7.5 

7.5 

13* 

1.333* 

50 

10 

15. 

15. 

10 

661 

6,666i 

75 

10 

25. 

25. 

10 

40 

4,000 

100 

10 

30. 

30. 

10 

33* 

3i333* 

150 

10 

50. 

50. 

10 

20 

2,000 

200 

10 

60. 

60. 

10 

i6i 

i,666i 

300 

10 

too. 

100. 

10 

10 

1,000 

600 

10 

200. 

200. 

100 

50 

5,000 

200-240  Volts,   3-Wire,    Single-Phase 
56  Cycles  and  Above 


3 

10 

.4 

.4 

250 

25,000 

5 

10 

.6 

.6 

166S 

i6,666i 

10 

10 

1.25 

1.25 

80 

8,000 

15 

10 

2. 

2. 

50 

5,000 

25 

10 

3. 

3. 

33i 

3,333i 

50 

10 

6. 

6. 

i6| 

1,6661 

75 

10 

10. 

10. 

10 

1,000 

100 

10 

12.5 

12.5 

10 

80 

8,000 

150 

10 

20. 

20. 

10 

50 

5.000 

200 

10 

25. 

25. 

10 

40 

4,000 

300 

10 

40. 

40. 

10   • 

25 

2,500 

600 

10 

75. 

75. 

10 

I3i 

1,333* 
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ELECTRICAL  METERMAN'S  HANDBOOK 

THOMSON  TYPE  1-8  WATT-HOUR  METERS 

100-120   Volts,   2- Wire,    Single- Phase 
56  Cycles  and  Above 


Capacity 

in 
Amperes 

Ntunerical 
Value  of  I      Test 
Revolution  Constant 
of  I  St  Dial      (Kt) 
Hand 

Watt-hour 

Constant 

(Kh) 

Numerical 

Value  of 

Register 

Constant 

(K,) 

Register 

Ratio 

(R*) 

Gear 
Ratio 
(R<) 

3 

10                .2 

.2 

500 

50,000 

5 

10               .3 

.3 

333i 

33,333* 

10 

10               .6 

.6 

i66§ 

i6,666i 

15 

10              I. 

I . 

100 

10,000 

25 

10          1.5 

1.5 

66i 

6,666§ 

50 

10           3. 

3. 

33i 

3,333* 

75 

10         5. 

5. 

20 

2,000 

200-240   Volts,    2- Wire,    Single- Phase 
56  Cycles  and  Above 


3 

10 

.4 

.4                 3 

I             250 

25.000 

5 

10 

.6 

.6                 : 

[              i66§ 

i6,666i 

10 

10 

1.25 

1.25               1 

[               80 

8,000 

15 

10 

2. 

2.                   ] 

I               50 

S,ooo 

25 

10 

3. 

3.                   ^ 

I                33^ 

3,333* 

50 

10 

6. 

6.                   ] 

[                i6§ 

1,6661 

'     75 

10 

10. 

10.                   1 

t                10 

1,000 

500-600   Volts,    2-Wire,    Single-Phase 
56  Cycles  and  Above 


3 

10 

I. 

I. 

100 

10,000 

5 

10 

1-5 

1-5 

66§ 

6,6661 

10 

.10 

3. 

3. 

33* 

3,333* 

15 

10 

5. 

5. 

20 

2,000 

25 

10 

7.5  • 

7.5 

13* 

1,333* 

50 

10 

15. 

15. 

10 

66i 

6.666} 

75 

10 

25. 

25. 

10 

40 

4,000 
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THOMSON  TYPE  1-8  WATT-HOUR  METERS  {Continued) 

200-240  Volts,  3- Wire,  Single- Phase 
56  Cycles  and  Above 


Capacity 

in 

Numerical 
Value  of  I      Test 
Revolution  Constant 
of  ist  Dial      (Kt) 
Hand 

Watt-hour 

Constant 

(Kh) 

Numerical 
Value  of 
Register 

Constant 

(Kr) 

Register 
Ratio 

(Rr) 

• 

Gear 

Ratio 
(Rg) 

3 

10             .4 

.4 

250 

25,000 

5 

10               .6 

.6 

166$ 

i6,666S 

10 

10         1.25 

1.25 

80 

8,000 

15 

10            2. 

2. 

50 

5,000 

25 

10           3. 

3. 

33* 

3,333i 

50 

10            6. 

6. 

1 61 

1,6663 

75 

10           10. 

10. 

10 

1,000 

THOMSON   TYPE   I-io   WATT-HOUR   METERS 

1 10- 120  Volts,  2-Wire,  Single-Phase 
40-133  Cycles 


5 
10 

10 
10 

.25            .25               I             400 
.5              -5                 I             200 

40,000 
20,000 

200-240  Volts,  2-Wire,  Single-Phase 
40-133  Cycles 

5 
10 

ro 
ro 

.5              -5                 I              200 
I.              I.                    I              100 

20,000 
10,000 

200-240  Volts,  3- Wire,  Single- Phase 
40-133  Cycles 

5 
10 

10 
10 

.5              .5                 I              200 
I.              I.                    I              100 

20,000 
10,000 
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TABLE  OP  TEST  CONSTANTS  FOR  GENERAL  ELECTRIC 
POLYPHASE  METERS.  ROUND  AND  RECT- 
ANGULAR PATTERN 


NON-DIRBCT  RBADING 

RBGZSTBKS 

DIRECT  RBADING 

RBGISTSRS 

Votta 

A 

TettCoottant 

Test  Constant 

*IUtioor 

Axnpercfl 

(watt-hours) 

(watt-hoars) 

Oears 

lOO-IIO 

3 

•    •    ■ 

0.6 

0.6 

i< 

5 

I 

I.O 

1.0 

It 

10 

2 

2.0 

0.2 

4i 

15 

3 

30 

0.3 

II 

25 

4 

5.0 

0.5 

II 

50 

8 

1 0.0 

1.0 

II 

75 

12 

15.0 

1.5 

« 

100 

16 

20.0 

0.2 

«< 

150 

24 

30.0 

0.3 

200-220 

3 

«  •  • 

1.25 

1.25 

II 

5 

2 

2.0 

0.2 

II 

10 

4 

4.0 

0.4 

11 

15 

6 

6.0 

0.6 

II 

25 

8 

1 0.0' 

1.0 

41 

50 

15  or  16 

20.0 

0.2 

II 

75 

24 

30-0 

0.3 

14 

100 

30  or  32 

40.0 

0.4 

44 

150 

48  or  50 

60.0 

0.6 

500-550 

3 

3 

3.0 

0.3 

44 

5 

5 

5.0 

0.5 

II 

10 

10 

lO.O 

1.0 

l< 

15 

15 

15.0 

1.5 

II 

25 

25 

25.0 

0.25 

<< 

50 

50 

50.0 

0.5 

II 

75 

75 

750 

0.75 

li 

100 

100 

lOO.O 

1.0 

II 

150 

150 

150.0 

1.5 

lOOO-IIOO 

3 

6 

6.0 

0.6 

II 

10 

20 

20.0 

0.2 

II 

15 

30 

30.0 

0.3 

II 

25 

50 

50.0 

0.5 

l< 

50 

100 

lOO.O 

1.0 

i< 

75 

150 

150.0 

1.5 

f  1 

100 

200 

200.0 

0.2 

II 

150 

300 

300.0 

0.3 

*  Notb:  Ratio  of  Gears  "Number  of  divisiona  passed  over  by  the  first  dial  hand  per 
.tevolution  of  the  worm  wheel,  or.  the  fraction  of  a  revolution  of  the  first  dial  hand  per  ten 
itions  of  the  worm  wheel.      This  is  not  the  gear  ratio  defined  above. 
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TABLE  OP  TEST  CONSTANTS  FOR  GENERAL  ELECTRIC  POLY- 
PHASE METERS,  ROUND  AND  RECTANGULAR 

PATTERN— (Co»!/»nf«?rf  ) 


NON-DIRECT 

RXADXNG 

ROISTERS 

DIRBCT  RBADING 

RBGISTBR8 

Volts 

Amperes 

Test  Constant 
(watt-hours) 

Test  Constant 
(watt-hours) 

•Ratio  of 
Gears 

aOOO-2200 

3 

12.5 

12.5 

1.25 

10 

15 

40 
60 

40.0 
60.0 

0.6 

25 

100 

lOO.O 

I.O 

50 

200 

200.0 

0.2 

75 

300 

300.0 

0.3 

100 
150 

400 
600 

400.0 
600.0 

0.4 

0.6 

*  Note:  Ratio  of  (xears*  Number  of  divisions  passed  over  by  the  first  dial  hand  per 
revolution  of  the  worm  wheel,  or,  the  fraction  of  a  revolution  o^  the  first  dial  hand  per  ten 
revolutions  of  the  worm  wheel.    This  is  not  the  gear  ratio  defined  above. 


THOMSON   TYPE   D-3   WATT-HOUR   METERS 

100-120  Volts,  Polyphase 
56  Cycles  and  Above 


Capacity 

in 
Amperes 

Numerical 
Value  of  I      Test 
Revolution  Constant 
of  I  St  Dial      (Kt) 
Hand 

Watt-hour 

Constant 

(Kh) 

Numerical 
Value  of 
Register 

Constant 
(K,) 

Register 
Ratio 

(Rr) 

Gear 
RaUo 
(Rs) 

3 

10 

.4 

.4 

250 

25,000 

5 

10 

.6 

.6 

166I 

i6,666S 

ID 

10 

1.25 

1.25 

80 

8,000 

15 

10 

2. 

2. 

50 

5,000 

25 

10 

3. 

3. 

33i 

3.333i 

50 

10 

6. 

6. 

i6§ 

i,666S 

75 

10 

7.5 

7.5 

I3i 

i,333i 

too 

10 

12.5 

12.5 

10 

80 

8,000 

150 

10 

15. 

15. 

10 

661 

6,6669 

200 

10 

25. 

25. 

10 

40 

4,000 

300 

10 

40. 

40. 

10 

25 

2,500 

400 

10 

50. 

SO. 

10 

20 

2,000 

600 

10 

75. 

75.. 

10 

i3i 

1,333* 
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THOMSON  TYPE  D-3  WATT-HOUR  METERS   (Continued) 

200-240  Volts,  Polyphase 
56  Cycles  and  Above 


Capaaty 
in 

Numerical 
Value  of  I      Teat 
Revolution  Constant 
of  I  St  Dial      (K() 
Hand 

Watt-hour 

Constant 

(Kb) 

Numerical 
Value  of 
Register 
Constant 

(Kr) 

Register 

Ratio 

(Rf) 

Gear 

Ratio 

(Rg) 

3 

10 

.75 

.75 

\**r/ 

I33i 

13,333* 

5 

10 

1-25 

1.25 

80 

8,000 

10 

10 

2.5 

2.5 

40 

4,000 

15 

10 

4. 

4. 

25 

2,500 

25 

10 

6. 

6. 

16} 

1,6661 

50 

10 

12.5 

12.5 

10 

80 

8,000 

75 

10 

15. 

15. 

10 

669 

6,666% 

100 

10 

25. 

25. 

10 

40 

4,000 

150 

10 

30. 

30. 

10 

33i 

3,333i 

200 

10 

50. 

50. 

10 

20 

2,000 

300 

10 

75. 

75. 

10 

i3i 

i,333i 

400 

10 

100. 

100. 

10 

10 

1,000 

600 

10 

150. 

150. 

100 

66§ 

6,666i 

400-440  Volts, 

Polyphase 

56  Cycles  and  Above 

3 

10 

1.5 

1.5 

I 

66i 

6,666i 

5 

TO 

2.5 

2.5 

I 

40 

4,000 

10 

10 

5. 

5. 

I 

20 

2,000 

15 

10 

7.5 

7.5 

T 

13* 

h333h 

25 

10 

12.5 

12.5  . 

10 

80 

8,000 

50 

10 

* 

25. 

25. 

10 

40 

4.000 

75 

10 

30. 

30. 

10 

33i 

3,333  i 

100 

10 

50. 

50. 

10 

20 

2,000 

150 

10 

60. 

60. 

10 

i6§ 

1,6661 

200 

10 

100. 

100. 

10 

10 

1,000 

300 

10 

150. 

150. 

100 

661 

6,666§ 

400 

10 

200. 

200. 

100 

50 

5,000 

600 

10 

300. 

300. 

100 

33h 

3t333i 

CONSTANTS  AND   TEST  FORMULAS 

THOMSON  TYPE  D-3  WATT-HOUR  METERS 

{Continued) 

500-600  Volts,  Polyphase 
56  Cycles  and  Above 
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Cai>acity 

in 
Amperes 

Numerical 
Value  of  I      Test 

of  xst  Dial      (Kt) 
Hand 

Watt-hour 

Constant 

(Kh) 

Numerical 

Value  of 

Register 

Constant 

(K,) 

Register 
Ratio 

(Rr) 

Gear 
Ratio 
(Rg) 

3 

10 

2. 

2. 

I 

50 

5,000 

5 

10 

3- 

3. 

I 

33i 

3»333i 

TO 

10 

6. 

6. 

I 

i6i 

1,6661 

15 

10 

10. 

10. 

I 

10 

1,000 

25 

10 

15. 

15. 

10 

66§      . 

6,666§ 

50 

10 

30. 

30. 

10 

33i 

3,333i 

75 

10 

40. 

40. 

10 

25 

2,500 

100 

10 

60. 

60. 

10 

i6i 

i,666§ 

150 

10 

75. 

75. 

10 

i3i 

i,333i 

200 

10 

.125. 

125- 

100 

80 

8,000 

300 

10 

200. 

200. 

100 

50 

5.000  . 

400 

10 

250. 

250. 

100 

40 

4,000 

600 

10 

400. 

400. 

100 

25 

2,500 

THOMSON  TYPE  D-4  WATT-HOUR  METERS 

100-120  Volts,  Polyphase 
56  Cycles  and  Above 


3 

10 

.4 

.4                 ] 

:             250 

25,000 

5 

10 

.6 

.6                 ] 

[              i66§ 

i6,666§ 

10 

10 

1.25 

1.25                ] 

[               80 

8,000 

15 

10 

2. 

2.                   ] 

[               50 

5,000 

25 

10 

3. 

3.                    3 

I                33^ 

3,3334 

50 

10 

6. 

6.                    ] 

[                i6§ 

i,666§ 

75 

10 

7.5 

7.5                 J 

[                 I3i 

T,333i 
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THOMSON  TYPE  D-4  WATT-HOUR  METERS   (Continued) 

200-240  Volt,  Polyphase 
56  Cycles  and  Above 


Capacity 

in 
AmfftTd 

Numerical 
Value  of  X 
Revolution 
of  ist  Dial 
Hand 

Test 

Constant 

(Kt) 

Watt-hoar 

Constant 

(Kb) 

Numerical 
Value  of 
Register 
Constant 

(Kr) 

Register 
Ratio 

(Rr) 

Gear 

Ratio 

(Rf) 

3 

10 

.75 

.75 

T 

133* 

13,333* 

5 

10 

1.25 

1. 25 

80 

8,000 

10 

10 

2.5 

2,5 

40 

4,000 

15 

10 

4. 

4. 

25 

2.500 

25 

10 

6. 

6. 

i6i 

1,6661 

SO 

10 

12.5 

12.5 

10 

80 

8,000 

75 

10 

15. 

15. 

10 

661 

6,6661 

400-440  Volts, 

Polyphase 

56  Cycles  and  Above 

3 

10 

1.5 

1.5 

I 

669 

6,6661 

5 

10 

2.5 

2.5 

I 

40 

4.000 

10 

10 

5. 

5. 

I 

20 

2,000 

15 

10 

7.5 

7.5 

I 

I3i 

i,333i 

25 

10 

12.5 

12.5 

10 

80 

8,000 

50 

10 

25. 

25. 

10 

40 

4.000 

75 

10 

30. 

30. 

10 

33i 

3.333i 

500-600  Volts, 

Polyphase 

56  Cycles  and  Above 

3 

10 

2. 

2. 

I 

50 

5,000 

5 

10 

3- 

3. 

I 

33i 

3,333* 

10 

10 

6. 

6. 

I 

i6§ 

i,666a 

15 

10 

10. 

10. 

I 

10 

1. 000 

25 

10 

15. 

15. 

10 

66§ 

6.666§ 

50 

10 

30. 

30. 

10 

33h 

3,333* 

75 

10 

40. 

40. 

10 

25 

2.500 

CONSTANTS  AND   TEST  FORMULAS 

THOMSON  TYPE  IP-4  PREPAYMENT  WATT-HOUR 

100-120  Volts,  2-Wire,  Single-Phase 
56  Cycles  and  Above 


631 
METERS 


Cai>acity 

in 
Aznpefes 

3 

5 
10 

IS 

25 


Numerical 
Value  of  I      Test 
Revolution  Constant 
of  ist  Dial      (Kt) 
Hand 


10 
10 
10 
10 
10 


.2 
.3 

.6 
I. 

1.5 


Watt-hour 

Constant 

(Kh) 

,2 
.3 

.6 
I. 

1.5 


Numerical 

Value  of 

Register 

Constant 

(K,) 


Register 
Ratio 

(Rr) 

500 
3334 

i66i 
100 
66i 


Gear 
Ratio 
(R«) 

50,000 

33i333i 
i6,666i 
10,000 
6,6663 


200-240  Volts,  2-Wire,   Single-Phase 
56  Cycles  and  Above 


3 

10 

•  .4 

.4       3 

[      250 

25,000 

5 

10 

.6 

.6       ] 

[      i66§ 

i6,666l 

10 

10 

1.25 

1.25      ] 

[      80 

8,000 

15 

10 

2. 

2.       } 

t       50 

5,000 

25 

10 

3. 

3-        1 

I       33i 

3,333i 

500-600  Volts,  2- Wire,  Single-Phase 
56  Cycles  and  Above 


3 

10 

I. 

I. 

I     100 

10,000 

5 

10 

1.5 

1.5 

I      661 

6,666§ 

ID 

10 

3. 

3. 

I      33* 

3,333i 

15 

10 

5. 

5. 

I      20 

2,000 

25 

10 

7.5 

7.5 

I      13* 

i,333i 
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THOMSON   TYPE  IP-4   PREPAYMENT  WATT-HOUR   METERS 

{Continued) 

200-240  Volts,  3-Wire,   Single- Phase 

56  Cycles  and  Above 


Capacity 
in 

Niunerical 
Value  of  I      Test 
Revolution  Constant 
of  ist  Dial      (Kj 
Hand 

Watt-hour 

Constant 

(Kh) 

Numerical 
Value  of 
Register 
Constant 

(Kr) 

Register 
Ratio 

(Rr) 

Gear 
Ratio 
(Rg) 

3 

10             .4 

.4 

250 

25,000 

5 

10             .6 

.6 

i66i 

i6,666i 

10 

10          1.25 

1.25 

80 

8,000 

15 

10             2. 

2. 

50 

5,000 

25 

10          3. 

3. 

33i 

3,333i 

The  standard  formula  for  testing  all  types  and  capacities  of  Shallen- 
berger  and  Westinghouse  watt-hour  meters  (except  Type  CW-6)  when 
using  indicating  instruments  and  a  stop  watch  is 

RXKt 

Watts  = c 


For  CW-6  Watt-hour  meters 


3,600  X  K»  X  R 


Watts  = 

in  which 

R  =  Number  of  complete  revolutions  of  the  moving  element. 
S  =  Number  of  seconds  required  for  R  revolutions. 
Kt  ^  Test  constant. 
3,600=  Number  of  seconds  in  one  hour.  . 

In  the  literature  pertaining  to  watt-hour  meter  testing  distributed  by 
the  Westinghouse  Company,  the  testing  formulas  appear  as  follows: 

RXK 

Watts  = ?F — 


For  CW-6  Watt-hour  meters 


3,600  X  K  X  R 


Watts  = 

T 

in  which 

R  =  Number  of  complete  revolutions  in  time  T. 

T  =  Time  in  seconds  required  for  revolutions  R. 

K  =  Constant. 

=  Number  of  seconds  in  one  hour. 
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WESTINGHOUSE    ROUND    TYPE    WATT-HOUR    METERS 

100  Volts,  2-Wire,  Single-Phase 


Capacity 

in 
Amperes 

Numerical 
Value  of  I 
Revolution 
of  ist  Dial 
Hand 

Test 
Constant 

(Watt-seconds) 

Watt-hour 
C<»istant 
(Kh) 

Numerical 
Value  of 
Register 
Constant 

(Kr) 

Register 

Ratio 

(Rr) 

Gear 

Ratio 

(Rf) 

5 

I 

600 

i 

I 

600 

6,000 

10 

I 

1,200 

i 

I 

300 

3.000 

20 

I 

2,400 

1 

I 

150 

1,500 

40 

10 

4,800 

li 

I 

750 

7.500 

80 

10 

9,600 

2i 

I 

375 

3.750 

200  Volts, 

2-W 

ire,  Single-Phase 

5 

I 

1,200 

h                I 

300 

3,000 

10 

I 

2,400 

S                I 

150 

1,500 

20 

10 

4,800 

li                I 

750 

7.500 

40 

10 

9,600 

2S                       I 

375 

3.750 

80 

10 

19,200 

5i                I 

i87i 

1,875 

400  Volts, 

2-Wire,  Single-Phase 

5 

I 

2,400 

i                I 

150 

1,500 

10 

10 

4,800 

li                I 

750 

7.500 

20 

10 

9,600 

28                I 

375 

3,750 

40 

10 

19,200 

5i               I 

i87i 

1,875 

80 

10 

38,400 

I0§                      I 

93i 

937i 

CONSTANTS  AND   TEST  FORMULAS 
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WESTINGHOUSE    ROUND    TYPE    WATT-HOUR    METERS 

(.Continued) 

I00-2CX)  Volts,  3-Wire,  Single-Phase 


Capacity 

in 
Amperes 

Numerical 
Value  of  I 
Revolution 
of  i8t  Dial 
Hand 

Test 

Constant 

(Kt) 

(Watt-seconds) 

Watt-hour 
Constant 
(Kh) 

Numerical 

Value  of 

Register 

Constant 

(Kr) 

Register 

Ratio 

(Rr) 

Gear 

Ratio 

(Rg) 

5 

I 

1,200 

I* 

I 

300 

3.000 

10 

I 

2,400 

I 

I 

150 

1,500 

20 

10 

4,800 

l\ 

I 

750 

7,500 

40 

10 

9,600 

2§ 

I 

375 

3,750 

• 

200 

-400  Volts, 

3- 

-Wire, 

Single- 

Phas( 

ft 

5 

I 

2,400 

S 

I 

150 

1,500 

10 

10 

4,800 

li 

I 

750 

7.500 

20 

10 

9,600 

2S 

I 

375 

3,750 

40 

10 

19,200 

5i 

I 

1874 

1,875 

100 

Volts 

,  Polyphase 

5 

I 

1,200 

J                ] 

[              300 

3,000 

10 

I 

2,400 

I               ] 

[               150 

1,500 

20 

10 

4,800 

I*                ] 

t              750 

7,500 

40 

10 

9,600 

2S                : 

[               375 

3,750 

80 

10 

19,200 

5i                ] 

[               i87i 

1,875 
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WESTINGHOUSE    ROUND    TYPE    WATT-HOUR    METERS 

{Continued) 

200  Volts,  Polyphase 


Capacity 

in 
Amperes 

Numerical 
Value  dt  i 
Revolution 
of  1st  Dial 
Hand 

• 

Test 
Constant 

(Watt-seconds) 

Watt-hour 
Constant 
(Kh) 

Numerical 

Value  of 

Refnster 

Constant 

(K,) 

Register 

Ratio 

(Rr) 

Gear 

Ratio 

(R«) 

5 

I 

2,400           • 

§ 

150 

1.500 

10 

ID 

4,800 

I^ 

750 

7,500 

20 

10 

9,600 

2i 

375 

3,750 

40 

10 

19,200 

S^ 

i87i 

1.875 

80 

10 

38,400 

IO§ 

93i 

937i 

400 

V 

olt 

s,  Polyphase 

• 

5 

10 

4,800 

li                ] 

I                   750 

7,500 

10 

10 

9,600 

28                ] 

f              375 

3,750 

20 

10 

19,200 

5i                 1 

i87i 

1,875 

40 

10 

38.400 

10§                      ] 

I                93i 

937  i 

80 

100 

76.800 

2li                      ] 

I               468I 

4,687i 

WESTINGHOUSE   TYPE    A    WATT-HOUR   METERS 

100  Volts.  2- Wire,  Single-Phase 


5 

I 

600 

h               ] 

[                      600 

6,000 

10 

r 

1,200 

h               1 

[                     300 

3,000 

20 

I 

2,400 

§                ] 

f                      150 

1,500 

40 

10 

4.800 

I*                1 

t                      750 

7,500 

80 

10 

9.600 

2ii                         ] 

f               375 

3.750 

CONSTANTS  AND   TEST  FORMULAS 

WESTINGHOUSE   TYPE   A   WATT-HOUR   METERS 

(Continued) 

•  200  Volts,  2- Wire,  Single-Phase 


^\^Q 


Capacity 

in 
^nperes 

• 

Numerical 
Value  of  I 
Revolution 
of  1st  Dial 
Hand 

Test 
Constant 

(Watt-sec  nnHs) 

Watt-hour 
Constant 
(Kh) 

Numerical 
Value  of 
Register 
Constant 

Register 

Ratio 

fRr) 

Gear 
Ratio 

(Rk) 

5 

I 

1,200 

h 

300 

3.000 

10 

I 

2,400 

i 

150 

1,500 

20 

10 

4,800 

li 

750 

7,500 

40 

10 

9,600 

2§ 

375 

3.750 

80 

10 

19,200 

5i 

i87i 

1,875 

400  Volts, 

2-Wire, 

Single- 

Phase 

5 

I 

2,400 

1 

150 

1,500 

10 

10 

4,800 

li 

750 

7,500 

20 

10 

9,600 

2l 

375 

3,750 

40 

10 

19,200 

5i 

i87i 

1,875 

80 

10 

38,400 

loS 

93i 

937^ 

100-200  Volts, 

3- 

■Wire, 

Single- 

Pha^e 

5 

I 

1,200 

/ 

i 

I 

300 

3,000 

10 

I 

2,400 

1 

I 

150 

1,500 

20 

10 

4,800 

Ik 

I 

750 

7,500 

40 

10 

9,600 

2§ 

I 

375 

3,750 

640  ELECTRICAL   METERMAITS  HANDBOOK 

WESTINGHOUSE   TYPE   A   WATT-HOUR   METERS 

(Continued) 

*     200-400  Volts,  3-Wire,  Single-Phase 


Capacity 

in 
Amperes 

Numerical 
Value  of  c 
Revolution 
of  ist  Dial 
Hand 

Test 
Constant 

(Watt-seconds) 

Watt-hour 
Constant 
(Kh) 

Numerical 

Value  of 

Register 

Constant 

(K,) 

Register 
Ratio 

(Rr) 

t 

Gear 
Ratio 
(R«)- 

■ 

5 

I 

2,400 

§ 

I 

150 

1,500 

10 

10 

4,800 

Ij 

I 

750 

7,500 

20 

10 

9,600 

2i 

I 

375 

3,750 

40 

10 

19,200 

5i 

I 

187J 

1,875 

100 

Volts 

,  Polyphase 

5 

I 

1,200 

I               ] 

[              300 

3,000 

10 

I 

2,400 

§                ] 

[              150 

1,500 

20 

10 

4,800 

li                ] 

f              750 

7,500 

40 

10 

9,600 

2§                      ] 

f              375 

3,750 

80 

10 

19,200 

5*                : 

[              i87i 

1,875 

200  Volts,  Polyphase 


5 

I 

2,400 

i               ] 

[              150 

1,500 

10 

10 

4,800 

li       N               ] 

f              750 

7.500 

20 

10 

9,600 

2§                       J 

^              375 

3,750 

40 

10 

19,200 

Si                J 

[               i87i 

1,875 

80 

10 

38,400 

io§                1 

t                93I 

937i 

CONSTANTS  AND    TEST  FORMULAS 

WESTINGHOUSE   TYPE   A   WATT-HOUR   METERS 

{Continued) 


641 


«fW        T   \Ji 

Lbi9|      X    yJ*Jt 

fuao%i 

Numerical 

Numerical 

Capacity  Value  of  x 

Test 

Watt-hour 

Value  of 

Register 

Gear 

in         Revolution 

Constant 

Constant 

Register 

Ratio 

Ratio 

Axni)ere8   of  xst  Dial 
Hand 

(Kt) 
(Watt-seconds) 

(Kh) 

» 

Constant 

(Rr) 

•<Rg) 

5             10 

4,800 

I^ 

750 

7,500 

10              10 

9,600 

23 

375 

3,750 

20             10 

19,200 

5i 

i87i 

1,875 

40             10 

38,400 

I0§ 

93? 

937i 

80           100 

76,800 

• 

2lh 

468I 

4.687i 

« 

WESTINGHOUSE   TYPE    B    WATT-HOUR    METERS 

100  Volts,  2-Wire,  Single-Phase 
Serial  Numbers  418,000  (approx.)  and  under 


5 

I 

1,200 

i 

I              480 

3,000 

10 

I 

2,400 

§ 

I              240 

1,500 

20 

I 

4,800 

ih 

I              120 

750 

40 

10 

9,600 

2S 

I              600 

3,750 

80 

io 

19,200 

5* 

I              300 

1,875 

100  Volts,  2-Wire,  Single-Phase 
Serial  Numbers  above  418,000  approx. 


5 

10 

1,200 

*                ] 

[           4,836.9 

30,230.7 

10 

10 

2,400 

§                ] 

[           2,400 

15,000 

20 

10 

4,800 

ih                1 

r           1,200 

7,500 

40 

10 

9,600 

2S                     ] 

[              600 

3,750 

80 

10 

19,200 

5h               ] 

c              300 

1,875 

042 
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WESTINGHOUSE   TYPE    B    WATT-HOUR   METERS 

{Continued) 

TOO  Volts,  2-Wire,  Single-Phase 
Serial  Numbers  418,000  (approx.)  and  under 


Capadity 

in 
Amperes 

Numerical 
Value  of  I 
Revolution 
of  ist  Dial 
Hand 

Test 
.  Constant 

(Watt-seconds; 

Watt-hour 
Constant 

Numerical 
Value  of 
Register 
Constant 

Register 
Ratio 

(R,) 

Gear 

Ratio 

(Rg) 

5 

I 

2;ioo 

1 

240 

1,500 

10 

I 

4,800 

li 

120 

750 

20 

10 

9,600 

2i 

600 

3750 

40 

10 

19,200 

5i 

300 

1,875 

80 

10 

38,400 

lOl 

150 

937i 

200  Volts,  2-Wire,  Single-Phase 

Serial 

Numbers  above  418,000   (approx.) 

5 

10 

2,400                 1                I           2,400 

15.000* 

10 

10 

4,800                li                I           1,200 

7,500 

20 

10 

9,600               2i                I              600 

3,750 

40 

10 

19,200               si                I              300 

1,875 

80 

10 

38,400              lol                I              150 

937* 

400  Volts, 

2-Wire,  Single-Phase 

Serial 

Numbers  418.000  (approx,)  and  under 

5 

1 

4,800 

li                I              120 

750 

10 

10 

9,600 

2|                I              600 

3,750 

20 

10 

19,200 

5*               I              300 

1,875 

40 

10 

38,400 

lol               X             150 

937* 

80 

10 

76,800 

21J               I               7S 

468I 
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WESTINGHOUSE   TYPE    B    WATT-HOUR   METERS 

(CdHtinued) 

400  VqUs,  2-Wire,  Single-Phase 
Serial  Numbers  above  4i8,cxx)  (approx.) 


Capacity 

in 
Amperes 

Xumcrical 
Value  of  I 
Revolution 
of  zst  Dial 
Hand 

Test 

Constant 

(Kt) 

(Watt-Mconds) 

Watt-hour 
Constant 
(Kh) 

Numerical 

Value  of 

Register 

Constant 

(K,) 

Register 
Ratio 

(Rr) 

Gear 
Ratio 

(R«) 

5 

10 

4,800 

I^ 

1,200 

7,500 

10 

10 

9,600 

2§ 

600 

3,750 

20 

10 

19,200 

5* 

300 

1,875 

40 

10 

38,400 

I0§ 

150 

937i 

80 

100 

76,800 

2li 

750 

4,687i 

100-200  Volts,  3-Wire,  Single-Phase 
Serial  Numbers  418,000  (approx.)  and  under 


5 

I 

2,400 

9 

I 

240 

1,500 

10 

I 

4,800 

li 

I 

120 

750 

20 

10 

9,600 

2« 

I 

600 

3,750 

40 

10 

19,200 

5i 

I 

300 

1,875 

100-200  Volts,  3-Wire;  Single-Phase 
Serial  Numbers  above  418,000  (approx.) 


5 

10 

2,400 

1 

• 

I 

2,400 

15,000 

10 

10 

4,800 

i^ 

I 

1,200 

7,500 

20 

10 

9,600 

2§ 

I 

600 

3,750 

40 

10 

« 

19,200 

5i 

I 

300 

1,875 

200-400  Volts, 

3-Wire, 

Single- 

Phase 

- 

Serial 

Numbers  41 

8,000  (approx.) 

and 

under 

5 

I 

4,800 

I 

120 

750 

10 

10 

9,600 

2§ 

I 

600 

3,750 

20 

10 

19,200 

Si 

I 

300 

1.875 

40 

10 

38,400 

loi 

I 

150 

937i 

644  ELECTRICAL  METERMAN'S  HANDBOOK 

WESTINGHOUSE   TYPE    B    WATT-HOUR   METERS 

(Continued) 

200-400  Volts,  3-Wire,  Single-Phase 
Serial  Numbers  above  418,000  (approx.) 


Capacity 

in 
Amperes 

Numerical 
Value  of  t 
Revolution 
of  1st  Dial 
Hand 

Test 
Constant 

(Watt-seconds) 

Watt-bour 
Constant 
(Kh) 

Numerical 
Value  of 
Register 
Constant 

Register 
Ratio 

(Rr) 

Gear 

Ratio 

(R.) 

5 

10 

4,800 

Ih 

I 

1,200 

7,500 

10 

10 

9,600 

2i 

I 

600 

3,750 

20 

10 

19,200 

5i 

I 

300 

1.875 

40 

10 

38,400 

108 

I 

150 

937* 

WESTINGHOUSE    TYPE    B    PREPAYMENT    WATT-HOUR 

METERS 


100  Volts,  2-Wire,  Single-Phase 


5 

10 

1,200 

h 

I 

4.800 

30,000 

10 

10 

2.400 

§ 

I 

2,400 

15,000 

15 

10 

3.600 

I 

I 

1,600 

10,000 

20 

10 

4,800 

li 

I 

1,200 

7,500 

200  Volts, 

2-Wire, 

Single 

-Phase 

10 
20 

10 
10 
10 
10 

2,400 
4,800 
7,200 

9,600 

2 

2i 

I            2,400 
I            1,200 
I              800 
I              600 

15,000 
7,500 
5,000 
3,750 

CONSTANTS  AND   TEST  FORMULAS 
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WESTINGHOUSE    TYPE    B     PREPAYMENT    WATT-HOUR 

METERS    {Continued) 

100-200  Volts,  3-Wire,  Single-Phase 


Capacity 

in 
Amperes 

Numerical 
Value  of  I 
Revolution 
of  ist  Dial 
Hand 

Test 
Constant 

(Kt) 

CWatt-fieconds) 

Watt-hour 
Constant 
(Kh) 

Numerical 
Value  of 
Register 
Constant 

Register 
Ratio 

<Rr) 

Gear 
Ratio 

(R«) 

5 

10 

2,400 

§ 

I 

2,400 

15,000 

10 

10 

4,800 

I^ 

I 

1, 200 

7,500 

15 

10 

7,200 

2 

I 

800 

5,000 

20 

10 

9,600 

2§ 

I 

600 

3,750 

WESTINGHOUSE   TYPE    C   WATT-HOUR   METERS 

100  Volts,  2-Wire,  Single-Phase 


5 

10 

1,200 

h                ] 

[            4,800 

30,000 

10 

10 

2,400 

I                1 

I            2,400 

15,000 

15 

10 

3,600 

I                   ] 

[            1,600 

10,000 

20 

10 

4,800 

ih                 ] 

1,200 

7,500 

30 

10 

7,200 

2                   1 

[               800 

5,000 

40 

10 

9,600 

2i                       ] 

[               600 

3.750 

60 

10 

14,400 

4                   1 

[               400 

2,500 

80 

10 

19,200 

5i                 1 

300 

1,875 

100 

10  ' 

24,000 

6§                1 

240 

1,500 

120 

10 

28,800 

8                  1 

[               200 

1,250 

150 

10 

36,000 

10                  ] 

[               160 

1,000 

200 

10 

48,000 

I3i                 1 

[               120 

750 

300 

100 

72,000 

20                   ] 

[               800 

5,000 

*5 

10 

1,200 

I 

I            4,836.9 

30,230.7 

*5 

10 

1,200 

1                 ] 

4,796.6 

29,978.8 

♦  For  Type  C  meters  previous  to  meter  Sub  E,  serial  No.  158,00" 


646  ELECTRICAL  METERMAN'S  HANDBOOK 

VVESTINGHOUSE   TYPE   C   WATT-HOUR   METERS 

(Continued) 

200  Volts,  2-Wire,  Single-Phase 


Capacity 

in 
Amperes 

Numerical 
Value  of  I 
Revolution 
of  ist  Dial 
Hand 

Test 

Constant 

(Kt) 

(Watt-seconds) 

Watt-hour 
Constant 
(Kh) 

Numerical 
Value  of 
Register 
Constant 

Register 

Ratio 

(R») 

Gear 

Ratio 

(Rf) 

5 

10 

2,400 

1 

2,400 

15,000 

10 

10 

4,800 

II 

1,200 

7,500 

15 

10 

7,200 

2 

800 

5,000 

20 

10 

9,600 

2i 

600 

3.750 

30 

10 

14,400 

4 

400 

2,500 

40 

10 

19,200 

5l 

300 

1,875 

60 

10 

28,800 

8 

200 

1,250 

80 

10 

38,400 

lOi 

150 

937i 

100 

10 

.48,000 

i3i 

120 

750 

120 

100 

57,600 

16 

1,000 

6.250 

150 

100 

72,000 

20 

800 

5,000 

200 

100 

96,000 

269 

600 

3,750 

300 

100 

144,000 

40 

400 

2,500 

400  Volts,  2-Wire,  Single-Phase 


5 

10 

4,800 

li               1 

[           1,200 

7,500 

10 

10 

9,600 

2i                     1 

:             600 

3,750 

IS 

10 

14,400 

4                  1 

[             400 

2,500 

20 

10 

19,200 

5i                1 

I              300 

1,875 

30 

10 

28,800 

8                  ] 

[              200 

1,250 

40 

10 

38,400 

lo!               1 

[              150 

937I 

60 

100 

57.600 

16                1 

I           1,000 

6,250 

80 

100 

76,800 

2li                      1 

r              750 

4,6874 

100 

100 

96,000 

261                      1 

[              600 

3,750 

120 

100 

115,200 

32            1 

[              500 

3,125 

150 

100 

144,000 

40            ] 

[              400 

2,500 

200 

100 

192,000 

53i               1 

:             300 

1,87s 

300 

100 

288,000 

80                 ] 

200 

1,250 

CONSTANTS  AND   TEST  FORMULAS 

WESTINGHOUSE   TYPE    C    WATT-HOUR   METERS 

{Continued) 

500  Volts,  2-Wire,  Single-Phase 


647 


^ 


Caixadty 

in 
Amperes 

Numerical 
Value  of  I 
Revolution 
of  ist  Dial 
Hand 

Test 

Constant 

(Kt) 

(Watt-seconds) 

Watt-hour 
Constant 
(Kh) 

Numerical 

Value  of 

Register 

Constant 

(K,) 

Register 
Ratio 

(R,) 

Gear 
Ratio 

(R«) 

5 

10 

6,000 

li 

960 

6,000 

10 

10 

12,000 

3* 

480 

3,000 

15 

10 

18,000 

5 

320 

2,000 

20 

10 

24,000 

61 

240 

1,500 

30 

10 

36,000 

10 

160 

1,000 

40 

10 

48,000 

nl 

120 

750 

60 

100 

72,000 

20 

800 

5,000 

80 

100 

96,000 

26I 

600 

3,750 

100 

100 

120,000 

33i 

480 

3,000 

120 

100 

144,000 

40 

400 

2,500 

150 

100 

180,000 

SO 

320 

2,000 

200 

100 

240,000 

661 

240 

1,500 

300 

100 

360,000 

100 

160 

1,000 

100-200  Volts, 

3- Wire,  Singh 

e-Phase 

5 

10 

2,400 

i               ] 

[           2,400 

15,000 

10 

10 

4,800 

i\               \ 

[            1,200 

7,500 

15 

10 

7,200 

2                 ] 

[              800 

5,000 

20 

10 

9,600 

2i                      ] 

[              600 

3,750 

30 

10 

14,400 

4                   J 

[              400 

2,500 

40 

10 

19,200 

5i                1 

300 

1,875 

60 

10 

:28,800 

8                  ] 

[              200 

1,250 

80 

10 

38400 

loi 

I              150 

937i 

100 

10 

48,000 

13^ 

[              120 

750 

120 

ioo 

57,600 

16                  ] 

[            1,000 

6,250 

150 

100 

72,000 

20                   ] 

[              800 

5,000 

648  ELECTRICAL   METERMAN'S  HANDBOOK 

WESTINGHOijSE   TYPE   C   WATT-HOUR   METERS 

{Continued) 

200-400  Volts,  3-Wire,  Single-Phase 


Capacity 

in 
Amperes 

Numerical 
Value  of  I 
Revolution 
of  I8t  Dial 
Hand 

Test 
Constant 

(Watt-seconds) 

Watt-hour 
Constant 
(Kfc) 

Numerical 

Value  of 

Reinster 

Constant 

(K,) 

Register 
Ratio 

(Rr) 

Gear 

Ratio 

(Rf> 

5 

10 

4,800 

Ij 

I 

1,200 

7,500 

- 

10 

10 

9,600 

2i 

I 

600 

3,750 

15 

10 

14,400 

4 

I 

400 

2,500 

20 

10 

19,200 

5i 

I 

300 

1.875 

30 

10 

28,800 

8 

I 

200 

1,250 

40 

10 

38,400 

10$ 

I 

150 

937i 

60 

100 

S7,6oo 

16 

I 

1,000 

6,250 

80 

TOO 

76,800 

2li 

I 

750 

4.687i 

100 

100 

96,000 

26§ 

I 

600 

3,750 

% 

120 

100 

115,200 

32 

I 

500 

3,125 

150 

100 

144,000 

40 

I 

400 

2,500 

100 

Volts,  Polyphase 

5 

10  . 

2,400 

9                ] 

[         3,000 

15,000 

10 

10 

4,800 

Ik                ] 

I         1,500 

7.500 

15 

10 

7,200 

2                  ] 

[                1,000 

5,000 

20 

10 

9,600 

2l                      1 

:          750 

3.750 

30 

10 

14.400 

4                    1 

c             500 

2,500 

40 

10 

19,200 

5i                 1 

375 

1.875 

60 

10 

28,800 

8                   ] 

[              250 

1.250 

80 

10 

38,400 

io3               1 

[              i87i 

937i 

100 

10 

48,000 

i3i 

I              150 

750 

120 

100 

57,600 

16                  ] 

[           1,250 

6,250 

150 

100 

72,000 

20                  1 

[            1,000 

5,000 

200 

lOO 

96,000 

26§                     1 

[              750 

3.750 

300 

TOO 

144,000 

40                  ] 

[              500 

2,500 

^ 


CONSTANTS  AND   TEST  FORMULAS 

WESTINGHOUSE   TYPE   C   WATT-HOUR   METERS 

(Continued) 

200  Volts,  Polyphase 


649 


Capacity 

in 
Amperes 

Numerical 
Value  of  I 
Revolution 
of  ist  Dial 
Hand 

Test 
Constant 

(Kt) 

(Watt-seconds) 

Watt-hour 
Constant 
(Kh) 

Numerical 
Value  of 
Register 
Constant 

Register 

Ratio 

(Rr) 

Gear 

Ratio 

(Rg) 

5 

ID 

4,800 

li 

1,500 

7,500 

10 

10 

9,600 

.     28 

T 

750 

3,750 

IS 

10 

14,400 

4 

•         - 

500 

2,500 

20 

10 

19,200 

5i 

375 

1,875 

30 

10 

28.800 

8 

250 

1,250 

40 

10 

38,400 

IO§ 

i87i 

937i 

60 

100 

57,600 

16 

1,250 

6,250 

80 

100 

76,800 

2ii 

937i 

4.687i 

JOG 

100 

96,000 

261 

750 

3.750 

120 

100 

115,200 

32 

625 

3,125 

150 

100 

144,000 

40 

500 

2,500 

200 

100 

192,000 

53i 

375 

1,875 

300 

100 

288,000 

80 

* 

250 

1,250 

400  Volts,  Polyphase 

5 

10 

9,600 

2§ 

750 

3,750 

10 

10 

19,200 

5J 

375 

1,875 

15 

10 

28,800 

8 

250 

1,250 

20 

10 

38,400 

loi 

■      i87i 

937i 

30 

100 

57,600 

16 

1,250 

6,250 

40 

100 

76,800 

2I§ 

937i 

4,6874 

60 

100 

115,200 

32 

625 

3,125 

80 

100 

153,600 

42S 

468! 

2,3433 

100 

100 

192,000 

53i 

375 

1.875 

120 

100 

230,400 

64 

3i2i 

i,562i 

150 

100 

288,000 

80 

250 

1,250 

200 

100 

384,000 

106S 

i87i 

937i 

300 

1,000 

576,000 

160 

1,250 

6,250 

650  ELECTRICAL  METERMAITS  HANDBOOK 

WESTINGHOUSE   TYPE    C   WATT-HOUR   METERS 

(Continued) 

500  Volts,  Poljrphase 


Capacity 

in 
Amperes 

Numerical 
Value  of  I 
Revolution 
of  xst  Dial 
Hand 

Test 
Constant 

(Kt) 

(Watt-«econds) 

Watt-hour 
Constant 
(Kh) 

Numerical 
Value  of 
Register 
Constant 

Register 

Ratio 

(Rr) 

Gear 
RaUo 

(R,) 

5 

10 

12,000 

3i 

600 

3,000 

10 

10 

24,000     * 

6i 

300 

1,500 

15 

10 

36,000 

10 

200 

1,000 

20 

10 

4B,ooo 

I3i 

ISO 

750 

30 

100 

72,000 

20 

1,000 

5,000 

40 

100 

96,000 

26i 

750 

3.750 

60 

100 

144,000 

40 

500 

2.500 

80 

100 

192,000 

53* 

375 

1,87s 

100 

100 

240,000 

66§ 

300 

1,500 

120 

100 

288,000 

80 

250 

1,250 

150 

100 

360,000 

100 

200 

l,00«k 

200 

100 

480,000 

133* 

150 

750 

300 

1,000 

720,000 

200 

1,000 

5.000 

100  Volts,  Y,  4-Wire,  Thrcc-Phase 

5 

10 

4,800                ih               I           1.500 

7,500 

10 

10 

9,600               2I                I              750 

3,750 

IS 

10 

14,400               4                 I              500 

2,500 

20 

10 

19,200               Si                I              37S 

1,875 

30 

10 

28,800               8                  I              250 

1.250 

40 

10 

38,400              lol                I              187! 

937i 

CONSTANTS  AND   TEST  FORMULAS  651 

WESTINGHOUSE   TYPE   C   WATT-HOUR   METERS 

{CotUinued) 

200  Volts,  Y,  4- Wire,  Three-Phase 


^ 


Numerical 
Capacity  Value  of  x 
in        Revolution 
Amperes  of  ist  Dial 
Hand 

Test 
Constant 

Watt-hour 
Constant 
(Kh) 

Numerical 
Value  of 
Register 
Constant 

0^ 

Register 
Ratio 

Gear 

Ratio 

(Rg) 

(Watt-seconds) 

5 

10 

9,600 

2| 

750 

3.750 

10 

10 

19,200 

5i 

375 

1,875 

15 

10 

28,800 

8 

250 

1,250 

20 

10 

38,400 

lOl 

i87i 

937i 

30 

100 

57,600 

16 

1,250 

6,250 

40 

100 

76,800 

2li 

937i 

4,687i 

400  Volts, 

Y, 

4-Wire,  Three-Phase 

5 

10 

19,200 

5i                I              375 

1,875 

10 

10 

38,400 

loi                I              i87i 

937* 

15 

100 

57,600 

16                 I           1,250 

6,250 

20 

100 

76,800 

21 I                I              937i 

4,687* 

30 

100 

115,200 

32                  I              62s 

3,125 

40 

100 

153,600 

42!                I              468I 

2,343l 

WESTINGHOUSE    TYPE    OA    WATT-HOUR    METERS 


100  Volts,  2-Wire,  Single-Phase 


5 
10 


10 
10 


1,200 
2,400 


* 


2,400 
1,200 


30,000 
15,000 


652  ELECTRICAL   METERMAN'S   HANDBOOK 

VVESTINGHOUSE    TYPE    OA    WATT-HOUR    METERS 

{Continued) 

200  Volts,  2- Wire,  Single  Phase 


Capacity 

in 
Amperes 

Numerical 
Value  of  I 
Revolution 
of  I8t  Dial 
Hand 

Test 
Constant 

(Watt-Mconda) 

Watt-hour 
Constant 
(Kh) 

Numerical 
Value  of 
Register 
Constant 

Register 

Ratio 

(R,) 

Gear 

Ratio 

(R,) 

5 

10 

2,400 

§ 

1 

1,200 

15,000 

10 

10 

4,800 

Ih 

I 

600 

7,500 

100-200  Volts,  3-Wire,  Single-Phase 


5 

10 

2,400 

§ 

I 

1,200 

15,000 

10 

10 

4,800 

ih 

I 

600 

7,500 

WESTINGHOUSE   TYPE   DC   WATT-HOUR    METERS 

100  Volts,  2- Wire,  Continuous  Current 

(Plain  Meters) 


5 

10 

1,200 

\ 

I      4,836.9+ 

30,230.7-h 

7i 

10 

1,800 

h              1 

^        3,200 

20,000 

10 

10 

2,400 

§              ] 

[        2,400 

15,000 

15 

10 

3,600 

I                ] 

[           1,600 

10,000 

^5 

10 

6,000 

i§              ] 

[             960 

6,000 

50 

10 

12,000 

3h             1 

[              43o 

30,000 

75 

10 

18,000 

5                ] 

I              320 

2,000 

.    100 

10 

24,000 

6i         ] 

[              240 

1,500 

CONSTANTS  AND    TEST  FORMULAS 

WESTINGHOUSE   TYPE   DC   WATT-HOUR    METERS 

{Continued) 

'   200  Volts,  2-Wire,  Continuous  Current 

(Plain  Meters) 


653 


Capacity 

in 
Amperes 

Numerical 
Value  of  I 
Revdutton 
of  1st  Dial 
Hand 

Test 
Constant 

(Watt-seconds) 

Watt-hour 
Constant 
(Kh) 

Numerical 

Value  of 

Register 

Constant 

(K,) 

Register 
Ratio 

(Rr) 

Gear 
Ratio 

(Rc) 

5 

ID 

2,400 

§ 

2,400 

15,000 

7i 

10 

3,600 

I 

1,600 

10,000 

10 

10 

4,800 

ih 

1,200 

7,500 

15 

10 

7,200 

2 

800 

5,000 

25 

10 

12,000 

3h 

480 

3,000 

50 

10 

.24,000 

6S 

240 

1,500 

75 

ID 

36,000 

10 

160 

1,000 

100 

10 

48,000 

13J 

120 

750 

500  Volts,  2-Wire,  Continuous  Current 
(Plain  Meters) 


5 

10 

6,000 

i§              ] 

r              960 

6,000 

10 

10 

12,000 

3i              1 

[              480 

3,000 

15 

10 

18,000 

5                 1 

[              320 

2,000 

25 

10 

30,000 

8i              ] 

[              192 

1,200 

50 

100 

60,000 

i6§              ] 

[              960 

6,000 

100 

100 

120,000 

33h              I 

[              480 

3.000 

654  ELECTRICAL  METERMAN'S  HANDBOOK 

WESTINGHOUSE   TYPE   DC   WATT-HOUR   METERS 

{CotUiniied) 

IOO-200  Volts,  3- Wire,  Continuous  Current 
(Plain  Meters) 


Capacity 

in 
Amperes 

Numerical 
Value  of  X 
Revobition 
of  1st  Dial 
Hand 

Test 

Constant 

(Ki) 

(Watt-seconds) 

Watt-hour 
Constant 

Numerical 
Value  of 
Register 
Constant 

Register 
Ratio 

(Rr) 

Gear 
Ratio 

5 

10 

2,400 

1 

2,400 

15,000 

7l 

10 

3.600 

I 

1,600 

10,000 

10 

10 

4,8oo 

I» 

1,200 

7.500 

15 

10 

7.200 

2 

800 

5,000 

25 

10 

I2,000 

3i 

480 

3,000 

50 

10 

24,000 

6i 

240 

1,500 

75 

10 

36,000 

10 

160 

1,000 

100 

10 

48,000 

13J 

120 

750 

100  Volts,  2- Wire,  Continuous  Current 
(Sub  A  Meters) 


5 

10 

1,200 

k              ] 

• 

[           6,000 

30,000 

7i 

10 

1,800 

i              ] 

[          4,000 

20,000 

10 

10 

2,400 

I              1 

[           3,000 

15,000 

15 

TO 

3,600 

I                ] 

[           2,000 

10,000 

25 

ro 

6,000 

il              1 

[           1,200 

6.000 

50 

10 

12,000 

3i              1 

[              600 

3.000 

75 

10 

18,000 

5                 1 

[              400 

2,000 

100 

10 

24,000 

61              ] 

I              300 

1.500 

150 

ro 

36.000 

10                ] 

[              200 

1,000 

200 

10 

48,000 

i3i              J 

[              150 

750 

300 

100 

72.000 

20                1 

[            1,000 

5.000 

450 

100 

108.000 

30               ] 

[             6661 

3,333i 

CONSTANTS  AND   TEST  FORMULAS 

WESTINGHOUSE   TYPE  DC    WATT-HOUR   METERS 

(Continued) 

TOO  Volts,  2- Wire,  Continuous  Current 
(Sub  A  Meters) 


6S5 


Numerical 

Cai>aeit7  Value  of  x 

in         Revolution 

Amperes  of  ist  Dial 

Hand 

Test 
Constant 

Watt-hour 
Constant 
(Kh) 

Numerical 
Value  of 
Register 
Constant 

Register 

Ratio 

(Rr) 

G«ar 

Ratio 
(Rf) 

(Watt-seeonds) 

5 

10 

2,400 

§ 

3,000 

15,000 

7i 

10 

3,600 

I 

2,000 

10,000 

10 

10 

4,800 

1\ 

1,500 

7,500 

15 

10 

7,200 

2 

1,000 

5,000 

25 

10 

12,000 

34 

600 

3,000 

50 

10 

24,000 

6§ 

300 

1,500 

75 

10 

36,000 

10 

200 

1,000 

lOO 

10 

48,000 

i3i 

150 

750 

ISO 

100 

72,000 

20 

1,000 

5,000 

2O0 

100 

96,000 

26§ 

750 

3,750 

300 

100 

144.000 

40 

500 

2,500 

450 

100 

216,000 

60 

333* 

i,666| 

500 

Volts,  2- Wire,  Continuous  Current 

(Sub 

A  Meters) 

5 

10 

6,000 

il 

1,200 

6,000 

7i 

10 

9,000 

2\ 

800 

4,000 

10 

10 

12,000 

3i 

600 

3,000 

15 

10 

18,000 

5 

400 

2,000 

25 

10 

30,000 

81 

240 

1,200 

50 

100 

60,000 

i6§ 

1,200 

6,000 

75 

100 

90,000 

25 

800 

4,000 

100 

100 

120,000 

33* 

600 

3,000 

150 

100 

180,000 

50 

400 

2,000 

200 

100 

240,000 

661 

300 

1,500 

300 

100 

360,000 

100 

200 

1. 000 

450 

1,000 

540,000 

150 

i,333i 

6.6663 

656  ELECTRICAL  METERMAN'S  HANDBOOK 

WESTINGHOUSE   TYPE   DC   WATT-HOUR   METERS 

{Continued) 

100-200  Volts,  3- Wire,  Continuous  Current 
(Sub  A  Meters) 


Capacity 

in 
Amperes 

Numerical 
Value  of  I 
Revolution 
of  I  St  Dial 
Hand 

Test 

Constant 

(Ki) 

(Watt-seconds) 

Watt-hour 

Constant 

(Kh) 

Numerical 

Value  of          Register 
Register            Ratio 
Onstant             (Rr) 
(Kr) 

Gear 
Ratio 
(Rjt) 

5 

10 

2,400 

§ 

I              3.000 

ISiOOO 

7i 

10 

3,600 

I 

I               2,000 

10,000 

10 

10 

4,800 

li 

I               1,500 

7»5oo 

15 

10 

7,200 

2 

I               1,000 

5,000 

25 

10 

12,000 

3i 

I                  600 

3,000 

50 

10 

24,000 

61 

I                  300 

1,500 

75 

10 

36,000 

10 

I                   200 

1,000 

100 

10 

48,000 

13J 

I                    150 

750 

150 

100 

72,000 

20 

I               1,000 

5,000 

200 

100 

96,000 

26§ 

I          750 

3,750 

300 

100 

144,000 

40 

I           500 

2,500 

WESTINGHOUSE   TYPE 

CW-6  WATT-HOUR   METERS 

loo-iio  Volts,  2- Wire,  Conti 

nuous  Current 

(Watt-hours) 

5 

10 

i 

\ 

I               500 

50,000 

10 

10 

^ 

% 

I               250 

25.000 

15 

10 

I 

f 

I              i66§ 

i6,666§ 

25 

10 

I 

I 

I                   TOO 

10,000 

50 

10 

2 

2 

I                      50 

5,000 

200-220  Volts,  2- Wire,  Continuous  Current 

5 

10 

i 

1 

I                   250 

25.000 

ID 

10 

1 

i 

I               I33i 

I3,333i 

15 

10 

li 

U 

I                80 

8,000 

25 

10 

2 

2 

I                SO 

5,000 

50 

10 

4 

4 

I                25 

« 

2,500 

CONSTANTS  AND   TEST  FORMULAS 

WESTINGHOUSE   TYPE  CW-6   WATT-HOUR   METERS 

(Continued) 

200-220  Volts,  3-Wire,  Continuous  Current 
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Numerical 

Numerical 

Capacity 

Valae  of  i 

Test 

Watt-hour 

Value  of 

Register 

Gear 

"^^ 

Revolution 

Constant 

Constant 

Register 

Ratio 

Ratio 

Amperes 

of  1st  Dial 
Hand 

(Kt) 
(Watt-hours) 

(Kh) 

Constant 

(Kr) 

(Rr) 

(Rg) 

5 

10 

I 

§ 

I 

250 

25,000 

10 

10 

i 

i 

I 

I33i 

I3.333i 

15 

10 

li 

li 

I 

80 

8,000 

25 

10 

2 

2 

I 

SO 

5,000 

50 

10 

4 

4 

I 

25 

2,500 

The  standard  formula  for  testing  Fort  Wayne  watt-hour  meters  when 
using  indicating  instruments  and  a  stop  watch  is 

For  Type  K  meters — single  or  polyphase 


Watts  = 


lOoXK^  X  R 


For  Types  Ki,  K2,  K3  and  K4 — single  or  polyphase 

3,600  X  K,  X  R 
Watts  = g^ 

in  which 

R  =  Number  of  complete  revolutions  of  the  moving  element. 
S  =  Number  of  seconds  required  for  R  revolutions. 
Kt  =  Test  Constant. 
3,600  =  Number  of  seconds  in  one  hour. 

In   the  literature  pertaining  to  watt-hour   meter  testing  distributed   by 
the  Fort  Wayne  Company,  the  testing  formulas  appear  as  follows: 

For  Type  K  meters — single  or  polyphase 

100  X  C  X  R 

Watts  = 7, 


in  which 

R  =  Number  of  revolutions. 

S  =  Number  of  seconds  required   to  make  revolutions. 
C  =  Calibrating  constant. 
100  =  Multiplier  to  avoid  use  of  large  calibrating  constant. 
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For  Types  Ki,  K2,  K3  and  K4 — single  or  polyphase. 

3,600  X  CXR 
Watts  = g 

in  which 

R  =  Number  of  revolutions. 

S  =  Number  of  seconds  required  to  make  revolutions. 
C  =  Calibrating  constant. 
3,600  =  Number  of  seconds  in  one  hour. 

FORT  WAYNE  TYPE  K  WATT-HOUR  METERS 

100-125  Volts,  2-Wire,  Single-Phase 
Below  Serial  No.  345,000 


CaiMcity 

in 
Amperes 

Numerical 
Value  of  I 
Revolution 
of  ist  Dial 
Hand 

Teat 
Constant 

Watt-hour 

Constant 

(Kh) 

Numerical 
Value  of 
Register 
Constant 

Register 
Ratio 

(Rr) 

Gear 
Ratio 

<R») 

* 

■ 

* 

m 

5 

10 

9 

i 

400 

40,000 

10 

10 

18 

i 

200 

20,000 

15 

10 

36 

I 

100 

10,000 

20 

10 

36 

I 

100 

10,000 

25 

10 

36 

I 

100 

10,000 

30 

10 

72 

2 

50 

5,000 

40 

10 

72 

2 

50 

5,000 

50 

10 

72 

•   2 

50 

5,000 

60 

10 

108 

3 

33^ 

3.333^ 

75 

10 

108 

3 

33J 

3.333* 

100 

10 

144 

4 

25 

2,500 

125 

10 

180 

5 

I 

20 

2,000 

150 

10 

216 

6 

• 

16S 

1,6661 

200 

10 

288 

8 

I2i 

1.250 

250 

10 

360 

10 

10 

1,000 

300 

10 

540 

15 

611 

666! 

400 

10 

720 

20 

5 

500 

600 

10 

1,080 

30 

10 

33i 

3.333I 

800 

10 

1,440 

40 

10 

25 

2,500 

*  These   values   for  meters   reading  kilowatt-hours  only.     Take  ^a   of 
these  values  for  meters  reading  in  watt-hours. 


CONSTANTS  AND   TEST  FORMULAS 
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FORT  WAYNE  TYPE  K  WATT-HOUR  METERS  (Continued) 

100-125  Volts,  2- Wire,  Single-Phase 
Between  Serial  No.  345,000  and  576,000  (Both  Inclusive) 


Capacity 

in 
Amperes 

Numerical 
Value  of  I      Test 
Revolution  Constant 
of  1st  Dial      (Kt) 
Hatid 

Watt-hour 

Constant 

(Kh) 

Numerical 
Value  of 
Register 
Constant 

(Kr) 

Register 
Ratio 

(Rr) 

Gear 
Ratio 
(Rg) 

5 

10 

9 

i 

400 

40,000 

10 

10 

18 

i 

200 

20,000 

15 

10 

27 

1 

I33i 

i3»333i 

20 

10 

36 

I 

100 

10,000 

25 

10 

45 

li 

80 

8,000 

40 

10 

72 

2 

50 

5,000 

SO 

10 

90 

2i 

40 

4,000 

75 

10 

135 

3i 

26§ 

2,6661 

100 

10 

180 

5 

20 

2,000 

125 

10 

225 

6i 

16 

1,600 

150 

10 

270 

7i 

I3i 

i,333i 

200 

10 

360 

10 

10 

1,000 

300 

10 

540 

15 

10 

661 

6,666§ 

400 

10 

720 

20 

10 

50 

S,ooo 

600 

10 

1,080 

30 

10     . 

33i 

3,333i 

800 

10 

1,440 

40 

10 

25 

2,500 

100-125  Volts,  2- Wire, 

Single- Phase 

Above  Serial  No 

.  576,000 

5 

10 

9 

i 

400 

40,000 

10 

10 

18 

i 

200 

20,000 

15 

10 

27 

i 

I33i 

13,3334 

20 

10 

36 

I 

100 

10,000 

25 

10 

45 

li 

80 

8,000 

40 

10 

72 

2 

50 

5.000 

50 

10 

90 

2i 

40 

4,000 

75 

ro 

135 

3^ 

26§ 

2,666§ 

100 

10 

180 

5 

10 

200 

20,000 

125 

10 

225 

61 

10 

160 

16,000 

150 

10 

270 

7i 

10 

I33i 

I3,333i 

200 

10 

360 

.    10 

10 

100 

10,000 

300 

10 

540 

15 

10 

661 

6,666i 

400 

10 

720 

20 

10 

SO 

5,000 

600 

10 

1,080 

30 

10 

33i 

3,333i 

800 

10 

1,440 

40 

10 

25 

2,500 
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FORT  WAYNE  TYPE  K  WATT-HOUR  METERS 

{Continued) 

200-250  Volts,  2-Wire,   Single-Phase 

Below  Serial  No.  345,000 


Capacity 

in 
Amperes 

Numerical 
Value  of  I      Test 
Revolution  Constant 
of  I  St  Dial      (Ko 
Hand 

Watt-hour 

Constant 

(Kh) 

Numerical 
Value  of 
Register 

Constant 

(Kr) 

Register 
Ratio 

(Rr) 

Gear 

Ratio 

(R«) 

* 

♦ 

4c 

5 

10               18 

i 

200 

20,000 

10 

TO                  Z^ 

I 

100 

10,000 

15 

10              54 

ij 

66§ 

6,666§ 

20 

10              72 

2 

50 

5,000 

25 

10              72 

2 

50 

5,000 

30 

10              90 

2i 

40 

4,000 

40 

10            108 

3 

33^ 

3,333i 

50 

10            144 

4 

25 

2.500 

60 

10            180 

5 

20 

2,000 

75 

10            216 

6 

i6§ 

1, 6661 

TOO 

10            288 

8 

12J 

1,250 

1-25 

10            360 

10 

10 

1,000 

150 

10            432 

12 

8i 

833i 

200 

10            576 

16 

6} 

625 

250 

10            720 

20 

5 

500 

300 

10         1,080 

30 

10 

33J 

3.333i 

400 

10         1,440 

40 

10 

25 

2,500 

600 

10         2,160 

60 

10 

i6i 

1,6661 

800 

10         2,880 

80 

10 

I2J 

1,250 

*  These  values  for  meters  reading  in  kilowatt-hours  only.     Take  A  of 
the.^e  values  for  meters  reading  in  watt-hours. 


CONSTANTS  AND    TEST  FORMULAS 
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FORT   WAYNE   TYPE   K   WATT-HOUR   METERS    (Continued) 

200-250  Volts,  2- Wire,   Single-Phase 
Between  Serial  No.  345,000  and  576,000  (Both  Inclusive) 


Capacity 

in 
Amperes 

Numerical 
Value  of  I  " 
Revolution 
of  I  St  Dial 
Hand 

Tejt 
Constant 

Watt-hour 

Constant 

(Kh) 

Numerical 

Value  of 

Register 

Constant 

(K,) 

i0 

Register 
Ratio 

(Rr) 

Gear 

Ratio 
(Rs) 

5 

10 

18 

* 

200 

20,000 

10 

10 

36 

I 

100 

10,000 

15 

10 

54 

I* 

66i 

6,666S 

20 

10 

72 

2 

50 

5,000 

25 

10 

90 

2^ 

40 

4,000 

40 

10 

144 

4 

25 

2,500 

50 

10 

180 

5 

« 

20 

2,000 

75 

10 

270 

7* 

13* 

1,333* 

100 

10 

360 

10 

10 

1,000 

125 

10 

450 

12J 

10 

80 

8,000 

150 

10 

540 

15 

10 

66§ 

6,666§ 

200 

10 

720 

20 

10 

50 

5,000 

300 

10 

1,080 

30 

10 

33* 

3f333^ 

400 

10 

1,440 

40 

10 

25 

2,500 

600 

10 

2,160 

60 

10 

i6§ 

i,666S 

800 

10 

2,880 

80 

10 

I2i 

1,250 

200-250  Volts,  2-Wire, 

Single-Phase 

Above  Serial  No 

.  576,000 

5 

10 

18 

* 

200 

20,000 

10 

10 

36 

I 

100 

10,000 

IS 

10 

54 

I* 

66% 

6,6661 

20 

10 

72 

2 

50 

5,000 

25 

10 

90 

2* 

40 

4,000 

40 

10 

144 

4 

25 

2,500 

50 

10 

180 

5 

10 

200 

20,000 

75 

10 

270 

7* 

10 

133* 

13,333* 

100 

10 

360 

10 

10 

100 

10,000 

125 

10 

450 

I2i 

10 

80 

8,000 

150 

10 

540 

15 

10 

66§ 

6.666§ 

200 

10 

720 

20 

10 

50 

5,000 

300 

10 

1,080 

30 

10 

33* 

3.333* 

400 

10 

1,440 

40 

10 

25 

2.500 

600 

10 

2,160 

60 

100 

i66§ 

i6.666§ 

800 

10 

2,880 

80 

100 

T25 

12,500 
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FORT    WAYNE   TYPE   K   WATT-HOUR   METERS    (Continued^ 

400-499  Volts,  2- Wire,   Single-Phase 
Between  Serial  No.  345,000  and  576,000   (Both  Inclusive) 


Capacity 

in 
Amperes 

rftimerical 
Value  of  I 
Revolution 
of  I  St  Dial 
Hand 

Test        Watt-hour 
Constant     Constant 
(Kt)              (Kh) 

Numerical 
Value- of 
Register 
Constant 

(Kr) 

Register 
Ratio 

(Rr) 

'  Gear 
Ratio 

(Re) 

5 

10 

36 

I 

100 

10,000 

10 

10 

72 

2 

50 

5»ooo 

15 

10 

108 

3 

33i 

3,333* 

20 

10 

144 

4 

25 

2,500 

25 

10 

180 

5 

20 

2,000 

40 

10 

288 

8 

I2i 

1,250 

50 

10 

360 

10 

10 

1,000 

75 

10   • 

540 

15 

10 

661 

6,6661 

100 

10 

720 

20 

10 

50 

5,000 

125 

10 

900 

25 

10 

40 

4.000 

150 

10 

1,080 

30 

10 

zzl 

3,333l 

200 

10 

1,440 

40 

10 

2$ 

2,500 

300 

10 

2,160 

60 

10 

i6i 

1,6661 

400 

10 

2,880 

80 

10 

I2i 

1,250 

600 

10 

4.320 

120 

100 

83i 

8.333* 

800 

10 

5760 

160 

100 

62i 

6.250 

400-499  Volts,  2-Wire, 

Single-Phase 

Above 

Serial  No 

.  576,000 

5 

10 

36 

I 

I 

100 

10,000 

10 

10 

72 

2 

I 

50 

S,ooo 

15 

10 

108 

3 

I 

33i 

3.333i 

20 

10 

144 

4 

I 

25 

2,500 

25 

10 

180 

5 

10 

200 

20,000 

40 

10 

288 

8 

10 

125 

12,500 

50 

10 

360 

10 

10 

100 

10,000 

75 

10 

540 

15 

10 

661 

6,666i 

100 

10 

720 

20 

10 

50 

5,000 

125 

10 

900 

25     • 

10 

40 

4,000 

150 

10 

1,080 

30 

10 

33i 

3.333i 

200 

10 

1,440 

40 

10 

25 

2,500 

300 

10 

2,160 

60 

100 

i66i 

1 6.6661 

400 

TO 

2,880 

80 

100 

125 

12,500 

600 

lOv.' 

4.320 

120 

100 

83i 

8,3334 

800 

10    . 

5.760 

160 

100 

62i 

6.250 
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CONSTANTS  AND   TEST  FORMULAS 

FORT  WAYNE  TYPE  K  WATT-HOUR  METERS 

{Continued) 

500-625  Volts,  2-Wire,   Single-Phase 

Below  Serial  No.  345,000 
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Capacity 

in 
Amperes 

Numerical 
Value  of  I 
Revolution 
of  I8t  Dial 
Hand 

Tett 

Constant 

(Ki) 

Watt-hour 

Constant 

(Kh) 

Numerical 

Value  of 

Register 

Constant 

(K,) 

Register 
Ratio 

(Rr) 

Gear 

Ratio 

(Rg) 

* 

5 

10 

45 

ll 

80 

8,000 

10 

10 

90 

2i 

40 

4,000 

IS 

10 

180 

5 

20 

2,000 

20 

10 

180 

5 

20 

2,000 

25 

10 

180 

5 

20 

2,000 

30 

10 

360 

10 

10 

1,000 

40 

10 

360 

10 

10 

1,000 

50 

10 

360 

10 

10 

1,000 

60 

10 

540 

15 

6§ 

666§ 

75 

10 

540 

15 

61 

666§ 

100 

10 

720 

20 

5 

500 

125 

10 

900 

25 

4 

400 

150 

10 

1,080 

30 

10 

33i 

3.3334 

200 

10 

1,440 

40 

10 

25 

2,500 

250 

10 

1,800 

50 

10 

20 

2,000 

300 

10 

2,700 

75 

10 

13* 

i,333i 

400 

10 

3,600 

100 

10 

10 

1,000 

600 

10 

5,400 

150 

10 

61 

6669 

80Q 

10 

7.200 

200  . 

10 

5 

500 

♦  These  values  for  meters  reading  in  kilowatt-hours  only.    Take  iSj  of 
these  values  for  meters  reading  in  watt-hours. 
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FORT   WAYNE   TYPE   K   WATT-HOUR   METERS    {Continued) 

500-625  Volts,  2-Wire,  Single-Phase 
Between  Serial  No.  345,000  and  576,000  (Both  Inclusive) 


Cai>actty 

in 
Amperes 

Numerical 

Value  of  I      Test           Watt-hour 
Revolution  Constant       Constant 
of  1st  Dial      (K.)               (Kh) 
Hand 

Numerical 
Value  of 
Register 
Constant 

Register 
Ratio 

(Rr) 

Gear 
Ratio 
(Rg) 

5 

10 

45 

li 

80 

8,000 

10 

10 

90 

2i 

40 

4,000 

15 

10 

135 

3t 

26i 

2,666§ 

20 

10 

180 

5 

20 

2,000 

25 

10 

225 

6i 

16 

1,600 

40 

10 

360 

10 

10 

1,000 

50 

10 

450 

I2i 

10 

80 

8,000 

75 

10 

675 

i8i 

10 

53i 

5,333i 

100 

10 

900 

25 

10 

40 

4,000 

125 

10 

1,125 

3ii 

10 

32 

3,200 

150 

10 

1,350 

37^ 

10 

26§ 

2,6661 

200 

10 

1,800 

50 

10 

20 

2,000 

300 

10 

2,700 

75 

10 

i3i 

1, 333* 

400 

10 

3,600 

100 

10 

10 

1,000 

600 

10 

5,400 

150 

100 

661 

6,666i 

800 

10 

7,200 

200 

100 

50 

5,000 

500-625  Volt 

S,    2-W 

ire,   Single-Phase 

Above 

Serial 

No.  576,000 

5 

10 

45 

i\ 

I 

80 

8,000 

10 

10 

90 

2* 

I 

40 

4,000 

15 

10 

135 

3i 

I 

26§ 

2.666§ 

20 

10 

180 

5 

10 

200 

20,000 

25 

10 

225 

6i 

10 

160 

16,000 

40 

10 

360 

10 

10 

100 

10,000 

50 

10 

450 

12i 

TO 

80 

8,000 

75 

10 

675 

18? 

10 

53i 

5,333i 

100 

10 

900 

25 

10 

40    ' 

4,000 

125 

10 

1,125 

3ii 

10 

32 

3,200 

150 

10 

1,350 

37h 

10 

268 

2.666! 

200 

10 

1,800 

50 

100 

200 

20,000 

300 

10 

2,700 

75 

100 

I33i 

13,333! 

400 

10 

3,600 

100 

100 

100 

10,000 

600 

10 

5,400 

150 

100 

66§ 

6,666§ 

3oo 

10 

7,200 

200 

100 

SO 

S,ooo 

CONSTANTS  AND   TEST  FORMULAS 
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FORT   WAYNE   TYPE 

K   WATT-HOUR   METERS 

(Continued) 

200-250  Volts,  3-Wire,  Single-Phase 

Below  Serial  No.  345,000 

Capacity 

in 
Amperes 

Numerical 
Value  of  I      Test 
Revolution  Constant 
of  ist  Dial      (K,) 
Hand 

Numerical 
Watt-hour           Value  of 
Constant             Register 
(Kh)                Constant 
(Kr) 

Register 
Ratio 

(Rr) 

Gear 
Ratio 

(Rr) 

* 

5 

10               18  • 

i                  I 

200 

20,000 

lO 

10               36 

I                     I 

100 

10,000 

15 

10              54 

Ih                 I 

66§ 

6,666§ 

20 

10              72 

2                      I 

50 

5,000 

25 

10              72 

2                      I 

50 

5,000 

30 

10             90 

2i                   I 

40 

4,000 

40 

10            108 

3                   I 

33i 

3,333i 

50 

10            144 

4                 I 

25 

2,500 

60 

10            180 

5                I 

20 

2,000 

75 

10            216 

6                I 

i6i 

i,666§ 

100 

10            288 

8                I 

I2i 

1,250 

125 

10            360 

10                I 

10 

i,0oo* 

150 

10            432 

12                I 

8^ 

833i 

*  These  values  for  meters  reading  in  kilowatt-hours  only.     Take  -Aj  of 
these  values  for  meters  reading  in  watt-hours. 


200- 

■250  Volts, 

3-Wire, 

Single 

-Phase 

Between  Seria 

1  No. 

345,000  and 

576,000 

(Both  Inclusi^ 

vc) 

5 

10 

18 

^ 

200 

20,000 

10 

10 

36 

I 

100 

10,000 

15 

10 

54 

li 

66§ 

6,666§ 

20 

•10 

72 

2 

50 

5,000 

'      25 

10 

90 

2i 

40 

4,000 

40 

10 

144 

4 

25 

2,500 

50 

10 

180 

5 

20 

2,000 

75 

10 

270 

7i 

i3i 

i,333i 

100 

10 

360 

10 

10 

1,000 

125 

10 

450 

I2i 

10 

80 

8,000 

150 

10 

540 

15 

10 

66S 

6,666§ 

666 
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FORT   WAYNE   TYPE   K 

WATT-HOUR   METERS 

(Continueef  ) 

200-250  Volt 

s,  3- Wire, 

Single- Phase 

Above 

Serial  No. 

576,000 

Capacity 

in 
Amperes 

Nvunerical 
Value  of  I 
Revolution 
of  I  St  Dial 
Hand 

Test         Watt-hour 
Constant     Constant 
(KO             (Kh) 

Numerical 
Value  of 
Register 
Constant 

(Kr) 

Register 
Ratio 

(Rr) 

Gear 

Ratio 

(Rk) 

5 

10 

18 

\ 

200 

20,000 

10 

10 

ze 

I 

100 

10,000 

15 

10 

54 

li 

66§ 

6.6661 

20 

10 

72 

2 

50 

5,000 

25 

10 

90 

2i 

40 

4,000 

40 

10 

144 

4 

25 

2,500 

50 

10 

180 

5 

10 

200 

20,000 

75 

10 

270 

7i 

10 

I33i 

I3,333i 

100 

10 

360 

10 

10 

100 

10,000 

125 

10 

450 

I2i 

10 

80 

8.000 

150 

10 

540 

15 

ID 

661 

6.6661 

100-125  Volts,  Polyphase 

Below 

Serial  No. 

345,000 

5 

10 

36 

I 

100 

10,000 

10 

10 

72 

2 

50 

S.ooo 

15 

10 

108 

3 

33i 

3,333* 

20 

10 

144 

4 

25 

2,500 

25 

10 

144 

4 

25 

2,500 

30 

10 

216 

6 

i6i 

1,6661 

40 

10 

288 

8 

12^ 

1,250 

50 

10 

288 

8 

I2i 

1,250 

60 

10 

432 

12 

8& 

8334 

75 

10 

432 

12 

8i 

833i 

100 

10 

576 

16 

61 

625 

125 

10 

720 

20 

5 

500 

r50 

10 

864 

24 

4& 

416s 

200 

10 

1,440 

40 

10 

25 

^      2,500 

300 

10 

2,160 

60 

10 

i6i 

1.6661 

400 

10 

2,880 

80 

10 

r2§ 

1,250 

600 

10 

4,320 

120 

10 

8i 

833i 

800 

TO 

5760 

160 

10 

6i 

625 

CONSTANTS  AND   TEST  FORMULAS  667 

FORT   WAYNE   TYPE   K   WATT-HOUR   METERS    (Continued) 

100-125  Volts,  Polyphase 
Between  Serial  No.  345,000  and  576,000  (Both  Inclusive) 


Capacity 

in 
Amperes 

komerical 
Value  of  I 
Revolution 
of  I  St  Dial 
'     Hand 

Test 

Constant 

(Kt) 

Watt-hour 

Constant 

(Kh) 

Numerical 

Value  of 

Register 

Constant 

(K,)    ' 

Register 
.  Ratio 

(Rr) 

Gear 

Ratio 

(Rb) 

5 

10 

36 

I 

100 

10,000 

10 

10 

72 

2 

50 

5»ooo 

IS 

10 

108 

3 

33i 

3,333i 

20 

•10 

144 

4 

25 

2,500 

25 

10 

180 

5 

I 

20 

2,000 

40 

10 

288 

8 

I2i 

1,250 

50 

10 

360 

10 

10 

1,000 

75 

10 

540 

15 

10 

66% 

6,6661 

100 

10 

720 

20 

10 

50 

5,000 

125 

10 

900 

25 

10 

40 

4,000 

ISO 

10 

1,080 

30 

10 

33i 

3,333* 

200 

10 

1,440 

40 

10 

25 

2,500 

300 

10 

2,160 

60 

10 

i6§ 

1,6661 

400 

10 

2,880 

80 

10 

I2i 

1,250 

600 

TO 

4,320 

120 

100 

83J 

8,333* 

800 

10 

5,760 

160 

TOO 

62* 

6,250 

668  ELECTRICAL  METERMAN'S  HANDBOOK 

FORT  WAYNE  TYPE  K  WATT-HOUR  METERS 

{Continued) 

200-250  Volts,  Polyphase 

Below  Serial  No.  345,000 


Capacity 

in 
Amperes 

Numerical 
Value  of  I 
Revolution 
of  I  St  Dial- 
Hand 

Test 

Constant 

(KJ 

Watt-hour 

Constant 

(Kh) 

Numerical 
Value  of 
Register 
Constant 

(Kr) 

Register 
RaUo 

(Rr) 

Gear 
Ratio 

(Rb) 

5 

10 

72 

2 

• 

50 

5,000 

10 

10 

144 

4 

25 

2,500 

15 

10    . 

216 

6 

l6i       • 

1, 666s 

20 

10 

288 

8 

124 

1,250 

25 

10 

288 

8 

124 

1,250 

30 

10 

360 

10 

10 

1,000 

40 

10 

576 

16 

6i 

625 

50 

10 

576 

16 

6i 

625 

60 

10 

864 

24 

4i 

416S 

75 

10 

864 

24 

4i 

4i6§ 

100 

10 

1. 152 

32 

3* 

3124 

125 

10 

1,440 

40 

10 

25 

2.500 

150 

10 

1,800 

50 

10 

20 

2,000 

200 

10 

2,880 

80 

10 

12* 

1,250 

300 

10 

4.320 

120 

10 

84 

833i 

400 

10 

5,760 

160 

10 

6i 

625 

600 

10 

8,640 

240 

10 

4i 

4i6i 

800 

10 

11,520 

320 

10 

3i 

3124 

CONSTANTS  AND   TEST  FORMULAS 

FORT  WAYNE  TYPE  K  WATT-HOUR  METERS 

{Continued) 

200-250  Volts,  Polyphase 
Between  Serial  No.  345,000  and  576,000  (Both  Inclusive) 
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Capacity 

in 
Amperes 

m 

Numerical 
Value  of  I      Test 
Revolution  Constant 
of  1st  Dial      (Ki) 
Hand 

Watt-hour 

Constant 

(Kb) 

Numerical 

Value  of 

Register 

Constant 

(K,) 

Register 
Ratio 

(Rr) 

Gear 

Ratio 

(Rg) 

5 

10             72 

2 

50 

5,000 

10 

10               T44 

4 

25 

2,500 

15 

10            216 

6 

16S 

I,666§ 

20 

10            288 

8 

I2i 

1,250 

25 

10            360 

10 

10 

1,000 

40 

10           576 

16 

10 

62^ 

6.250 

50 

10           720 

20 

10 

50 

5,000 

75 

10         1,080 

30 

10 

zi^ 

3,333* 

100 

10         1,440 

40 

10 

25 

2,500 

125 

10         1,800 

50 

10 

20 

2,000 

150 

10        2,160 

60 

10 

1 69 

1,6663 

200 

10         2,880 

80 

10 

12^ 

1,250 

300 

10        4,320 

120 

100 

83i 

8,333i 

400 

10         5,760 

160 

TOO 

62\ 

6,250 

600 

10        8,640 

240 

100 

4i§ 

4,1668 

800 

10       11,520 

320 

100 

3ii 

3,125 

670 


ELECTRICAL  METERMAN'S  HANDBOOK 

FORT  WAYNE  TYPE  K  WATT-HOUR  METERS 

{Continued) 

400-499  Volts,  Polyphase 

Below  Serial  No.  345,000 


Capacity 

in 
Axnpcrcs 

Numerical 
Value  of  X 
Revolution 
of  1st  Dial 
Hand 

Tert* 
Constant 

Watt-hour 

Constant 

(Kh) 

Numerical 
Value  of 
Register 
ConiBtant 

Register 
Ratio 

(Rr) 

Gesr 
Ratio 

(Rs) 

5 

10 

144 

4 

25 

2,500 

10 

10 

288 

8 

12\ 

1,250 

IS 

10 

432 

12 

81 

833i 

20 

10 

576 

16 

61 

625 

25 

10 

576 

16 

61 

625 

30 

10 

720 

20 

5 

500 

40 

10 

1,152 

32 

3l 

312I 

50 

10 

1,152 

32 

3i 

3i2i 

60 

10 

1,728 

48 

10 

20i 

2,083* 

75    ' 

10 

1,728 

48 

10 

20I 

2,o83i 

roo 

10 

2,304 

64 

10 

i5i 

i.S62i 

125 

10 

2,880 

80 

10 

I2i 

1,250 

150 

10 

3,600 

TOO 

10 

10 

1,000 

200 

10 

5,760 

160 

10 

6\ 

625 

300 

10 

8,640 

240 

10 

4i 

4i6i 

400 

10 

11,520 

320 

10 

3i 

3i2i 

600 

10 

17,280 

480 

100 

20% 

2,o83i 

800 

10 

23,040 

640 

100 

158 

1,562^ 

CONSTANTS  AND   TEST  FORMULAS 

FORT  WAYNE  TYPE  K  WATT-HOUR  METERS 

{Continued) 

400-499  Volts,  Polyphase 

Between  Serial  No.  345,000  and  576,000  (Both  Inclusive) 
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Capacity 

in 
jnp6rc8 

Ntunerical 
Value  of  I 
Revolution 
of  ist  Dial 
Hand 

Test 

Constant 

(Kt) 

Watt-hour 

Constant 

(Kh) 

Numerical 

Value  of 

Register 

Constant 

(K,) 

Register 
Ratio 

(Rr) 

Gear 
Ratio 
(Rg) 

s 

10 

144 

4 

I 

25 

2,500 

10 

10 

288 

8 

I 

I2i 

1,250 

15 

10 

432 

12 

10 

83i 

8,333* 

20 

10 

576 

16 

10 

621 

6,250 

25 

10 

720 

20 

10 

50 

5,000 

40 

10 

1,152 

32 

10 

3ii 

3,125 

50 

10 

1,440 

40 

10 

25 

2,500 

75 

10 

2,160 

60 

10 

16I 

i,666§ 

100 

10 

2,880 

80 

10 

I2i 

1.250 

125 

10 

3,600 

100 

10   ' 

10 

1. 000 

150 

10 

4,320 

120 

100 

83i 

8,333i 

200 

10 

5,760 

160 

100 

62I 

6,250 

300 

10 

8,640 

240 

100 

4il 

4,i66l 

400 

10 

11,520 

320 

100 

3ii 

3.125 

600 

10 

17,280 

480 

100 

20« 

2,083* 

800 

10 

23,040 

640 

100 

I5i 

i,562i 

672 


ELECTRICAL   METERMAN'S   HANDBOOK       . 

FORT  WAYNE  TYPE  K  WATT-HOUR  METERS 

{Continued) 

500-625  Volts,  Polyphase 

Below  Serial  No.  345,000 


Capacity 

in 
Amperes 

Numerical 
Value  of  I      Test 
Revolution  Constant 
of  1st  Dial      (Kj 
Hand 

Watt-hour 

Constant 

(Kh) 

Numerical 
Value  of 
Register 
Constant 

(Kr) 

Register 
RaUo 

(Rr) 

Gear 
Ratio 
(Rf) 

5 

10 

180 

5 

\*»r/ 

20 

2,000 

10 

10 

360 

10 

10 

1,000 

15 

10- 

540 

loi 

6§ 

666! 

20 

10 

720 

20 

5 

500 

25 

10 

720 

20 

5 

500 

30 

10 

1,080 

30 

10 

33i 

3,333i 

40 

10 

1,440 

40 

10 

25 

2,500 

50 

10 

1,440 

40 

10 

25 

2,500 

60 

10 

2,160 

60 

10 

i6i 

i,666i 

75 

10 

2,160 

60 

10 

i6§ 

1,6661 

100 

10 

2,880 

80 

10 

12J 

1,250 

125 

10 

3.600 

100 

10 

10 

1,000 

150 

10 

4,320 

120 

10 

8J 

833I 

200 

10 

7,200 

200 

10 

5 

500 

300 

10 

10,800 

300 

100 

33* 

3,333i 

400 

10 

14.400 

400 

100 

25 

2,500 

^po 

10 

21,600 

600 

100 

i6§ 

1, 6661 

800 

10 

28.800 

800 

100 

I2i 

1,250 

CONSTANTS  AND    TEST  FORMULAS 

FORT  WAYNE  TYPE  K  WATT-HOUR  METERS 

(Continued) 

500-625  Volts,  Polyphase 

Between  Serial  No.  345,000  and  576,000  (Both  Inclusive) 
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Capacity 

in 
Amperes 

Numerical 
Value  of  1      Test 
Revolution  Constant 
of  1st  Dial      (Kt) 
Hand 

Watt-hour 

Constant 

(Kh) 

Numerical 

Value  of 

Register 

Constant 

(Kr) 

Register 

Ratio 

(Rr) 

Gear 

Ratio 

(Rg) 

5 

10             180 

5 

I 

20 

2,000 

10 

10           360 

10 

I 

10 

1,000 

15 

10           540 

15 

10 

66§ 

6,6669 

20 

10           720 

20 

10 

50 

5,000 

25 

10           900 

25 

10 

40 

4,000 

40 

10         1,440 

40 

10 

25 

2,500 

50 

10         1,800 

SO 

10 

20 

2,000 

75 

10        2,700 

75 

10 

I3J 

i,333i 

100 

10        3,600 

TOO 

10      . 

10 

1,000 

125 

10        4,500 

125 

100 

80 

8,000 

150 

10         5,400 

150 

100 

66% 

6,6663 

200 

10            7,200 

200 

100 

50 

5,000 

300 

10       10,800 

300 

100 

33^ 

3,333i 

400 

10       14,400 

400 

100 

25 

2.500 

600 

10       21,600 

600 

100 

i6§ 

i,666§ 

800 

10       28,800 

800 

100 

I2i 

1,250 
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FORT  WAYNE  TYPES  Ki,  K2  AND  K3  WATT-HOUR  METERS 

10Q-125  Volts,  2-Wire,   Single-Phase 
Between  Serial  No.  345i<xx)  and  576,000  (Both  Inclusive) 


Capacity 

in 
Amperes 

Numerical 
Value  of  X 
Revolution 
of  ist  Dial 
Hand 

Test 

Constant 

(KJ 

Watt-hour 

Ccnstant 

(Kh) 

Numerical 

Value  of 

Register 

Constant 

CKf) 

Register 
Ratio 

(Rr) 

Gear 

Ratio 

(Rf) 

5 

10 

i 

i 

400 

40,000 

10 

10 

i 

i 

200 

20,000 

15 

10 

'    i 

i 

133* 

13.333* 

20 

10 

I 

I 

100 

10,000 

25 

10 

il 

li. 

80 

8,000 

40 

10 

2 

2 

50 

5,000 

50 

10 

2i 

2^ 

40 

4,000 

75 

10 

3l 

3l 

261 

2,6661 

100 

10 

5 

5 

20 

2,000 

125 

10 

6i 

6r 

16 

1,600 

150 

10 

7i 

7i 

I3J 

i,333i 

200 

10 

10 

10 

10 

1,000 

300 

10 

15 

15 

10 

669 

6,666i 

400 

10 

20 

20 

10 

50 

5,000 

600 

10 

30 

30 

10 

33i 

3,333* 

800 

10 

40 

40 

10 

25 

2,SOO 

CONSTANTS  AND   TEST  FORMULAS 
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FORT  WAYNE  TYPES  Ki,  K2  AND  K3  WATT-HOUR  METERS 

(Continued) 
100-125  Volts,  2- Wire,   Single-Phase  Above    Serial    No.    576,000 


Capacity 

in 
Amperes 

Numerical 
Value  of  I 
Revolution 
of  ist  Dial 
Hand 

Test 

Constant 

(KO 

Watt-hour 

Constant 

(Kh) 

Numerical 
Value  of 
Register 
Constant 

(Kr) 

Register 

Ratio 

(Rr) 

Gear 

Ratio 

(R«) 

5 

10 

i 

i 

400 

40,000 

10 

10 

i 

h 

200 

20,000 

IS 

10 

} 

1 

I33i 

I3»333i 

20 

10 

I 

I 

100 

10,000 

25 

10 

li 

li 

80 

8,000 

40 

10 

2 

2 

50 

5,000 

50 

10 

2i 

2l 

40 

4,000 

75 

10 

3i 

3i 

26§ 

2,666§ 

100 

10 

5 

5 

10 

200 

20,000 

125 

10 

61 

6i 

10 

160 

16,000 

150 

10 

7i 

7i 

10 

I33i 

13,333* 

200 

10 

10 

10 

10 

100 

10,000 

300 

10 

15 

15 

10 

66i 

6,6661 

400 

10 

20 

20 

10 

50 

5,000 

600 

10 

30 

30 

10 

33i 

3,333* 

800 

10 

40 

40 

10 

25 

2,500 

200-250  Volts,  2-Wire, 

,   Single- 

Phase 

Between  Serial  No. 

345,000  and 

576,000 

(Both  Inclusive) 

5 

10 

.   i 

k 

200 

20,000 

10 

10 

I 

I 

100 

10,000 

15 

10 

n 

i\ 

661 

6,666i 

20 

10 

2 

2 

50 

5,000 

25 

10 

2i 

2i 

46 

4,000 

40 

10 

4 

4 

25 

2,500 

50 

10 

m 

3 

5 

20 

2,000 

75 

10 

7i 

7* 

I3i 

1,333* 

100 

10 

10 

16 

10 

1,000 

125 

10 

I2i 

I2i 

10 

80 

8,000 

150 

10 

15 

15 

10 

66i 

6,666§ 

200 

10 

20 

20 

10 

50 

5,000    • 

300 

10 

30 

30 

10 

33i 

3.333* 

400 

10 

40 

40 

10 

25 

2,500 

600 

10 

60 

60 

10 

i6i 

i,666§ 

800 

10 

80 

80 

10 

12^ 

1,250 
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FORT  WAYNE  TYPES  Ki,  K2  AND  K3  WATT-HOUR  METERS 

{Continued) 

'200-250  Volts,  2-Wire,   Single-Phase  Above    Serial    No.    576,000 


Capacity 

in 
Amx>ere8 

Niunerical 
Value  of  I      Test 
Revolution  Constant 
of  I  St  Dial      (Kj 
Hand 

Watt-hour 

Constant 

(Kh) 

Numerical 
Value  of 
Register 
Constant 

Register 
Ratio 

(Rr) 

Gear 
Ratio 
(Rk) 

5 

10 

i 

I 

200 

20,000 

10 

10 

I 

I 

100 

10,000 

15 

10 

li 

li 

661 

6,666i 

20 

10 

2 

2 

so 

5,000 

25 

10 

2\ 

2j 

40 

4,000 

40 

10 

4 

4 

25 

2,500 

50 

10 

5 

5 

10 

200 

20,000 

10 

7i 

7i 

10 

I33i 

i3,333i 

100 

10 

10 

10 

10 

100 

10,000 

125 

10 

I2i 

I2i 

10 

80 

8,000 

ISO 

10 

15 

IS 

10 

66§ 

6,6665 

200 

10 

20 

20 

10 

50 

5,000 

300 

10 

30 

30 

10 

33^ 

3,333* 

400 

10 

40 

40 

10 

25 

2,500 

600 

10 

60 

60 

100 

i66§ 

16,666$ 

800 

10 

80 

80 

100 

125 

12,500 

400-499  Volts,   2- Wire 

,   Single-Phase 

Between  Serial   No. 

345,000  and 

576,000   ( 

[Both  Inclusive) 

5 

10 

I 

I 

100 

10,000 

10 

10 

2 

2 

50 

5»ooo 

15 

10 

3 

3 

33* 

3.333* 

20 

10 

4 

4 

25 

2,500 

25 

10 

5 

5 

20 

2,000 

40 

10 

8 

8 

I2i' 

1,250 

50 

10 

10 

10 

10 

1,000 

75 

10 

IS 

IS 

10 

66$ 

6,666S 

TOO 

10 

20 

20 

10 

SO 

5,000 

125 

10 

2S 

25 

10 

40 

4,000 

150 

lu 

30 

30 

10 

33^ 

3,333* 

200 

10 

40 

40 

10 

25 

2,500 

300 

10 

60 

60 

10 

i6i 

i,666§ 

400 

10 

80 

80 

10 

12^ 

1,250 

600 

10 

120 

120 

100 

83I 

8,333* 

800 

10 

160 

160 

100 

62i 

6.250 
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FORT  WAYNE  TYPES  Ki,  K2  AND  K3  WATT-HOUR  METERS 

(Continued) 

400-499  Volts,  2- Wire,  Single-Phase  Above  Serial  No.  576,000 


Capacity 

in 
Amperes 

Numerical 
Value  of  I      Test 
Revolution  Constant 
of  ist  Dial      (Kj 
Hand 

Watt-hour 

Constant 

(Kh) 

Numerical 

Value  of 

Register 

Constant 

(Kr) 

Register 
Ratio 

(Rr) 

Gear 
Ratio 
(Rg) 

5 

10 

I 

I 

I 

100 

10,000 

10 

10 

2 

2 

I 

50 

5,000 

15 

10 

3 

3 

I 

33i 

3,333* 

20 

10 

4 

4 

I 

25 

2,500 

25 

10 

5 

5 

10 

200 

20,000 

40 

10 

8 

8 

10 

125 

12,500 

50 

10 

10 

10 

10 

100 

10,000 

75 

10 

15 

15 

10 

66§ 

6,6668 

100 

10 

20 

20 

10 

50 

5,000 

125 

10 

25 

25 

10 

40 

4,000 

150 

10 

30 

30 

10 

33i 

3,333* 

200 

10 

40 

40 

10 

25 

2,500 

300 

10 

60 

60 

100 

1668 

i6,666§ 

400 

10 

80 

80 

100 

125 

12,500 

600 

10 

120 

120 

100 

83i 

8,333* 

800 

10 

160 

160 

100 

62i 

6,250 

500-625  Volts,  2-Wire 

,  Single-Phase 

Between  Serial  No. 

345,000  and 

576,000 

(Both  Inclusive) 

5 

10 

li 

li 

80 

8,000 

10 

10 

2i 

2i 

40 

4,000 

15 

10 

3l 

3l 

26§ 

2,6668 

20 

10 

5 

5 

20 

2,000 

25 

10 

6i 

6i 

16 

1,600 

40 

10 

10 

10 

10 

1,000 

50 

10 

12* 

I2i 

10 

80 

8,000 

75 

10 

]8| 

18I 

10 

53i 

5,333* 

100 

10 

25 

25 

10 

40 

4,000 

125 

10 

3ii 

3ii 

10 

32 

3,200 

150 

10 

37i 

37i 

10 

26§ 

2,6668 

200 

10 

50 

50 

10 

20 

2,000 

300 

10 

75 

75 

10 

13* 

1,333* 

400 

10 

100 

100 

10 

10 

1,000 

600 

10 

150 

150 

100 

66§ 

6,6668 

800 

10 

200 

200 

100 

50 

5,000 
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FORT  WAYNE  TYPES  Ki,  K2  AND  K3  WATT-HOUR  METERS 

(Continued) 
500-625  Vplts,  2- Wire,  Single- Phase  Above  Serial  No.  576.000 


Capacity 

in 
Amperes 

Nuxnerical 
Value  of  I 
Revolution 
of  I  St  Dial 
Hand 

Test 
Constant 

Watt-hour 

Constant 

(Kh) 

Numetica] 
Value  of 
Register 
Constant 

Register 
Ratio 

(Rr) 

Gear 
Ratio 
(R«) 

5 

10 

li 

li 

I 

80 

8,000 

10 

10 

2l 

2i 

I 

40 

4,000 

15 

10 

3l 

3« 

I 

261 

2,666§ 

20 

10 

5 

5 

10 

200 

20,000 

25 

10 

6i 

6i 

10 

160 

16,000 

40 

10 

10 

10 

10 

TOO 

10,000 

SO 

10 

I2i 

I2i 

10 

80 

8,000 

75 

10 

i8i 

18J 

10 

53i 

5,333i 

100 

10 

25 

25 

10 

40 

4.000 

125 

10 

3ii 

3ii 

10 

32 

3.200 

150 

10 

37^ 

37i 

10 

26§ 

2,6661 

200 

10 

SO 

SO 

100 

200 

20,000 

300 

10 

75 

75 

100 

133* 

I3»333i 

400 

10 

100 

100 

100 

100 

10.000 

600 

10 

ISO 

ISO 

100 

661 

6,666i 

800 

10 

200 

200 

100 

SO 

5,000 

200-250  Volts,  3-Wirc, 

Single- 

Phase 

Between  Serial  No. 

345,000  and 

576,000 

(Both  Inclui 

sive) 

•5 

10 

i 

h 

I 

200 

20,000 

10 

10 

I 

I 

I 

100 

10,000 

15 

10 

li 

i^ 

I 

66§ 

6,66611 

20 

10 

2 

2 

I 

50 

5.000 

25 

10 

2l 

2j 

I 

40 

4.000 

• 

40 

10 

4 

4 

I 

25 

2,500 

50 

10 

5 

S 

I 

20 

2,000 

75 

10 

7i 

7l 

I 

13* 

i.333i 

100 

10 

10 

10 

I 

10 

1,000 

125 

10 

I2i 

I2i 

10 

80 

8,000 

150 

10 

15 

15 

10 

66§ 

6.666i 

200 

10 

20 

20 

10 

SO 

5,000 

300 

10 

30 

30 

10 

33i 

3.333* 

400 

10 

40 

40 

10 

25 

2,500 

600 

10 

60 

60 

10 

i6§ 

i,666i 

800 

10 

80 

80 

10 

12J 

1.250 
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FORT  WAYNE  TYPES  Ki,  K2  AND  K3  WATT-HOUR  METERS 

{Continued) 

ioo-250  Volts,  3-Wire,  Single-Phase 

Above  Serial  No.  576,000 


^ipacity 

in 
jnperes 

Numerical 
Value  of  I 
Revolution 
of  I  St  Dial 
Hand 

Test 

Constant 

(Kt) 

Watt-hour 

Constant 

(Kh) 

Numerical 

Value  of 

Register 

Constant 

(K,) 

Register 
Ratio 

(Rr) 

Gear 

Ratio 
(Rj) 

10 

\ 

i 

•       T 

^00 

20,000 

10 

10 

I 

I 

100 

10,000 

15 

10 

li 

li 

66§ 

6,666i 

20 

10 

2 

2 

50 

5,000 

25 

10 

2i 

2i 

40 

4,000 

40 

10 

4 

4 

25 

2,500 

SO 

10 

5 

5 

10 

200 

20,000 

75 

10 

7i 

7i 

10 

133* 

I3»333i 

100 

10 

10 

10 

10 

100 

10,000 

125 

10 

I2i 

I2i 

10 

80 

8,000 

150 

10 

15 

15 

10 

6611 

6,666§ 

200 

10 

20 

20 

10 

50 

5,000 

300 

10 

30 

30 

10 

33* 

3,333* 

400 

10 

40 

40 

10 

25 

2,500 

600 

10 

60 

60 

100 

i66i 

i6,666§ 

800 

10 

80 

80 

100 

125 

12,500 
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FORT   WAYNE  TYPE   Ki    WATT-HOUR   METERS 

100-125  Volts,  Polyphase 
Between  Serial  No.  345,000  and  576,000   (Both  Inclusive) 


Capacity 

in 
Amperes 

Numerical 

Value  of  I      Test           Watt-hour 
Revolution  Constant       Constant 
of  I  St  Dial      (Kj               (Kh) 
Hand 

Numerical 

Value  of 

Register 

Constant 

(K,) 

Register 
Ratio 

(Rr) 

Gear 
Ratio 
(Rg) 

5 

10 

I 

I 

100 

10,000 

10 

10 

2 

2 

50 

5,000 

15 

10 

3 

3 

33i 

3,333* 

20 

10 

4- 

4 

25 

2,500 

25 

10 

5 

5 

20 

2,000 

40 

10 

8 

8 

I2i 

1,250 

50 

10 

10 

10 

10 

1,000 

75 

10 

15 

15 

10 

66§ 

6,666i 

100 

10 

20 

20 

10 

50 

5»ooo 

125 

10 

25 

25 

10 

40 

4.000 

150 

10 

30 

30 

10 

33^ 

3.333i 

200 

10 

40 

40 

10 

25 

2,500 

300 

10 

60 

60 

10 

16I 

1,6663 

400 

10 

80 

80 

10 

I2i 

1.250 

600 

10 

120 

120 

100 

83i 

8,333i 

800 

10 

160 

160 

100 

62i 

6.250 

100-125  Volts, 

Polyphase 

Above 

Serial  No.  576,000 

5 

10 

I 

I 

100 

10,000 

10 

10 

2 

2 

50 

5.000 

15 

10 

3 

3 

33i 

3.333i 

20 

10 

4 

4 

25 

2,500 

25 

10 

5 

5 

20 

2,000 

40 

10 

8 

8 

12J 

1.250 

50 

10 

10 

10 

10 

1,000 

75 

10 

15 

15 

10 

661 

6,666i 

100 

10 

20 

20 

10 

50 

5,000 

125 

10 

25 

25 

10 

40 

4,000 

150 

10 

30 

30 

10 

33i 

3.333^ 

200 

•  TO 

40 

40 

10 

25 

2.500 

300 

10 

60 

60 

10 

i6§ 

1,6669 

400 

10 

80 

80 

10 

I2i 

1,250 

600 

10 

120 

120 

100 

83i 

8,333i 

800 

10 

160 

160 

100 

62i 

6,250 

CONSTANTS  AND    TEST  FORMULAS 
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FORT   WAYNE  TYPE  Ki   WATT-HOUR  METERS    {Continued) 

200-250  Volts,  Polyphase 
Between  Serial  No.  345,000  and  576,000  (Both  Inclusive) 


Capacity 

in 
Amperes 

Numerical 

Value  of  I      Test          Watt-hour 
Revolution  Constant       Constant 
of  ist  Dial      (Kt)               (Kb) 
Hand 

Numerical 
Value  of 
Register 
Constant 

(Kr) 

Register 
Ratio 

(Rr) 

Gear 

Ratio 
(Rf) 

5 

10 

2 

2 

50 

5,000 

10 

10 

4 

4 

25 

2,500 

15 

10 

6 

6 

16I 

1,6661 

20 

10 

8 

8 

I2i 

1,250 

25 

10 

10 

10 

10 

1,000 

40 

10 

16 

16 

10 

62i 

6,250 

50 

10 

20 

20 

10 

50 

5,000 

75 

10 

30 

30 

10 

33i 

3,333* 

100 

10 

40 

40 

10 

25 

2,500 

125 

10 

50 

50 

10 

20 

2,000 

150 

10 

60 

60 

10 

i6§ 

i,666i 

200 

10 

80 

80 

10 

I2i 

1,250 

300 

10 

120 

120 

100 

83i 

8,333* 

400 

10 

160 

160 

100 

62i 

6,250 

600 

10 

240 

240 

100 

4i§ 

4,i66g 

800 

10 

320 

320 

100 

3ii 

3,125 

200-250  Volts, 

Polyphase 

Above 

Serial  No.  576,000 

5 

10 

2 

2 

50 

5,000 

10 

10 

4 

4 

25 

2,500 

15 

10 

6 

6 

i6§ 

i,666§ 

20 

10 

8 

8 

I2i 

1.250 

25 

10 

10 

10 

10 

1,000 

40 

10 

i'6 

16 

10 

62i 

6,250 

50 

10 

20 

20 

10 

50 

5,000 

75 

10 

30 

30 

10 

33J 

3,333* 

100 

10 

40 

40 

10 

25 

2,500 

125 

10 

50 

50 

10 

20 

2,000 

150 

10 

60 

60 

10 

i6§ 

1,6668 

200 

10 

80 

80 

10 

I2i 

1,250 

300 

10 

120 

120 

100 

83i 

8,333* 

400 

10 

160 

160 

100 

62i 

6,250 

600 

10 

240 

240 

100 

4i§ 

4,i66§ 

800 

10 

320 

320 

100 

3ii 

3,125 
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FORT  WAYNE  TYPE  Ki   WATT-HOUR  METERS    {Continued) 

400-499  Volts,  Polyphase 
Between  Serial  No.  345»ooo  and  576,000   (Both  Inclusive) 


Capacity 

in 
Amperes 

Numerical 
Value  of  I 
Revolution 
of  ist  Dial 
Hand 

Test 
Constant 

Watt-hour 

Constant 

(Kh) 

Numerical 
Value  of 
Register 
Constant 

(Kr) 

Register 
Ratio 

(Rr) 

Gear 

Ratio 

(Rg) 

S 

10 

4 

4 

I 

25 

2,500 

10 

10 

8 

8 

I 

12^ 

1,250 

15 

10 

12 

12 

10 

83* 

8,333* 

20 

10 

16 

16 

10 

62i 

6,250 

25 

10 

20 

20 

10 

50 

5.000 

40 

10 

32 

32 

10 

3ii 

3,125 

SO 

10 

40 

40 

10 

25 

2,500 

75 

10 

60 

60 

10 

i6i 

i,666i 

100 

10 

80 

80 

10 

I2i 

1,250 

125 

10 

100 

100 

10 

10 

1,000 

150 

10 

120 

120 

100 

83i 

8,333* 

200 

10 

160 

160 

100 

62i 

6,250 

300 

10 

240 

240 

100 

4ii 

4,i66§ 

400 

10 

320 

320 

100 

3ii 

3.125 

600 

10 

480 

480 

100 

20« 

2,o83i 

800 

10 

640 

640 

100 

I5i 

1.562* 

400-499  Volts, 

Polyphase 

Above 

Serial 

No.   576,000 

k 

5 

10 

4 

4 

I 

25 

2.500 

10 

10 

8 

8 

I 

I2i 

1,250 

15 

10 

12 

12 

10 

83i 

8,333* 

20 

10 

16 

16 

10 

62} 

6.250 

25 

10 

20 

20 

10 

50 

5,000 

40 

10 

32 

32 

10 

3li 

3.125 

50 

10 

40 

40 

10 

25 

2.500 

75 

10 

60 

60 

10 

i6i 

1,6661 

100 

10 

80 

80 

10 

12I 

1,250 

125 

10 

100 

100 

10 

10 

1,000 

150 

10 

120 

120 

100 

83} 

8,333* 

200 

lb 

160 

160 

100 

62i 

6,250 

300 

10 

240 

240 

100 

4il 

4,1661 

400 

10 

320 

320 

TOO 

3li 

3,125 

600 

10 

480 

480 

TOO 

20( 

2,083* 

300 

10 

640 

640 

100 

I5I 

1,562* 

CONSTANTS  AND   TEST  FORMULAS 
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FORT  WAYNE  TYPE  Ki  WATT-HOUR  METERS    (Continued) 

500-625  Volts,  Polyphase 
Between  Serial  No.  345iOOO  and  576,000   (Both  Inclusive) 


Capacity 

in 
Amperes 

Numerical 
Value  of  I       Test 
Revolution  Constant 
of  I  St  Dial      (Ki) 
Hand 

Watt-hour 

Constant 

(Kh) 

Numerical 

Value  of 

Register 

(Constant 

(Kr) 

Register 
Ratio 

(Rr) 

Gear 
Ratio 

(Rf) 

5 

10 

5 

5 

I 

20 

2,000 

10 

10 

10 

10 

I 

10 

1,000 

15 

10 

15 

15 

10 

66§ 

6,666§ 

20 

10 

20 

20 

10 

50 

5,000 

25 

10 

25 

25 

10 

40 

4,000 

40 

10 

40 

40 

10 

25 

2,500 

50 

10 

50 

50 

10 

20 

2,000 

75 

10 

75 

75 

10 

i3i 

i,333i 

100 

10 

100 

100 

10 

10 

1,000 

125 

10 

125 

125 

100 

80 

8,000 

150 

10 

150 

150 

100 

66i 

6,6669 

200 

10 

200 

200 

100 

50 

5,000 

300 

10 

300 

300 

TOO 

33* 

3,333i 

400 

10 

400 

400 

100 

25 

2,500 

600 

10 

600 

600 

100 

i63 

1,6661 

800 

10 

800 

800 

100 

I2i 

1,250 

500-625  Volts, 
Above  Serial 

,  Polyphase 
No.  576,000. 

5 

10 

5 

5 

I 

20 

2,000 

10 

10 

10 

10 

I 

10 

1,000 

15 

10 

15 

15 

10 

663 

6,6668 

20 

10 

20 

20 

10 

50 

5,000 

25 

10 

25 

25 

10 

40 

4,0(X) 

40 

10 

40 

40 

10 

25 

2,500 

50 

10 

50 

50 

10 

20 

2,000 

75 

10 

75 

75 

10 

I3i 

i,333i 

100 

10 

100 

100 

10 

10 

1,000 

125 

10 

125 

125 

100 

80 

8,000 

150 

10 

150 

150 

100 

66§ 

6,666§ 

200 

10 

200 

200 

100 

50 

5,000 

300 

10 

300 

300 

100 

33  i 

3,333i 

400 

ID 

400 

400 

100 

25 

2,500 

600 

10 

600 

600 

100 

i6§ 

1,6663 

800 

10 

800 

800 

100 

I2i 

1,250 

684  ELECTRICAL   METERMAN'S  HANDBOOK 

FORT   WAYNE  TYPE   K3   WATT-HOUR   METERS 

100-125  Volts,  Polyphase 


Capacity 

in 
Amperes 

Numerical 
Value  of  I      Test 
Revolution  Constant 
of  I  St  Dial      (Kt) 
Hand 

Watt-hour 

Constant 

(Kh) 

Numerical 
Value  of 
Register 
Constant 

(Kr) 

Register 
Ratio 

(Rr) 

Gear 
Ratio 
(Rf) 

5 

10 

\ 

I 

200 

20,000 

10 

10 

I 

I 

100 

10,000 

15 

10 

I^ 

li 

66§ 

6,666i 

20 

10 

2 

2 

50 

5.000 

25 

10 

2i 

2i 

40 

4,000 

30 

10 

3 

3 

33i 

3,333i 

40 

10 

4 

4 

25 

2,500 

50 

10 

5 

5 

10 

200 

20,000 

60 

10 

6 

6 

10 

i66i 

i6,666| 

75 

10 

7i 

7i 

10 

i33i 

i3,333i 

80 

10 

8 

8 

10 

125 

12,500 

100 

10 

10 

10 

10 

100 

10,000 

125 

10 

12^ 

12\ 

10 

80 

8,000 

150 

10 

15 

15 

10 

66§ 

6,666i 

200 

10 

20 

20 

10 

50 

5.000 

300 

10 

30 

30 

10 

ZZ^ 

3.333i 

400 

10 

40 

40 

10 

25 

2,500 

600 

10 

60 

60 

100 

166I 

16.666s 

800 

10 

80 

80 

100 

125 

12,500 

200-250  Volts, 

Polyphase 

5 

10 

I 

I 

I 

100 

10,000 

lO 

10 

2 

2 

I 

50 

5,000 

15 

10 

3 

3 

I 

33i 

3.333i 

20 

10 

4 

4 

I 

25 

2,500 

25 

10 

5 

5 

10 

200 

20,000 

30 

10 

6 

6 

10 

i66i 

i6.666i 

40 

10 

8 

8 

10 

125 

12,500 

50 

10 

10 

10 

10 

100 

10,000 

60 

10 

12 

12 

10 

83* 

8,333i 

75 

10 

15 

15 

10 

66§ 

6.666i 

CONSTANTS  AND   TEST  FORMULAS 
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FORT  WAYNE  TYPE  K3  WATT-HOUR  METERS    {Continued) 

200-250  Volts,  Polyphase  (Continued) 


Capacity 

in 
Amperes 

Numerical 
Value  of  I      Test 
Revolution  Constant 
of  ist  Dial      (Kt) 
Hand 

Watt-hour 

Constant 

(Kh) 

• 

Numerical 

Value  of 

Register 

Constant 

(K,) 

Register 

Ratio 

(Rr) 

Gear 
Ratio 
(R«) 

80 

10 

16 

16 

10 

62I 

6,250 

100 

10 

20 

20 

10 

50 

5,000 

125 

10 

25 

25 

10 

40 

4,000 

150 

10 

30 

30 

10 

33h 

3,333i 

200 

10 

40 

40 

10 

25 

2,500 

300 

10 

60 

60 

100 

i66§ 

i6,666§ 

400 

10 

80 

80 

100 

125 

12,500 

600 

10 

120 

120 

100 

83i 

8,333i 

800 

10 

160 

160 

100 

62i 

6,250 

400-499  Volts, 

Polyphase 

5 

ro 

2 

2 

I 

50 

5,000 

10 

10 

4 

4 

I 

25 

2,500 

15 

10 

6 

6 

10 

i66i 

i6,666§ 

20 

10 

8 

8 

10 

125 

12,500 

25 

10 

10 

10 

10 

100 

10,000 

30 

10 

12 

12 

10 

83i 

8,333i 

40 

10 

16 

16 

10 

62h 

6,250 

50 

10 

20 

20 

10 

50 

5,000 

60 

10 

24 

24 

10 

4ii 

4,i66i 

75 

10 

30 

30 

10 

33i 

3,333* 

80 

10 

32 

32 

10 

3ii 

3,125 

100 

10 

40 

40 

10 

25 

2,500 

125 

10 

50 

50 

TOO 

200 

20,000 

150 

10 

60 

60 

100 

i66§ 

i6.666§ 

200 

10 

80 

80 

100 

125 

12,500 

300 

10 

120 

120 

TOO 

83* 

8,333* 

400 

10 

160 

160 

100 

62h 

6,250 

600 

10 

240 

240 

100 

413 

4.i66i 

800 

10 

320 

320 

100 

3U 

3,125 
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FORT    WAYNE    TYPE    K3    WATT-HOUR    METERS    (Continued) 

500-625  Volts,  Polyphase 


Capacity 

in 
Amperes 

Numerical 
Value  of  X      Test 
Revolution  Constant 
of  ist  Dial      (Kt) 
Hand 

Watt-hour 

Constant 

(Kh) 

Numerical 

Value  of 

Register 

Constant 

(Kr) 

Register 

Ratio 

(R») 

Gear 
Ratio 
(Rf) 

5 

10 

2j 

2i 

I 

40 

4,000 

10 

10 

5 

5 

10 

200 

20,000 

15 

10 

7i 

7i 

10 

I33i 

13,3334 

20 

10 

10 

10 

10 

100 

10,000 

25 

10 

I2i 

I2h 

10 

80 

8,000 

30 

10 

15 

15 

10 

66i 

6,6661 

40 

10 

20 

20 

10 

50 

5,000 

50 

10 

25 

25 

10 

40 

4,000 

60 

10 

30 

30 

10 

33i 

3,333i 

75 

10 

37h 

37^ 

10 

26§ 

2,6661 

80 

10 

40 

40 

10 

25 

2,500 

100 

10 

50 

50 

100 

200 

20,000 

125 

10 

62* 

624 

100 

160 

16,000 

150 

10 

75 

75 

100 

I33i 

I3,333i 

200 

10 

100 

100 

100 

100 

10,000 

300 

10 

150 

150 

100 

66i 

6,6661 

400 

10 

200 

200 

100 

50 

5.000 

600 

10 

300 

300 

100 

33* 

3.3334 

800 

10 

400 

400 

100 

25 

2,500 

FORT   WAYNE  TYPE  K4  WATT-HOUR  METERS 
100-125  Volts,  2-Wire,   Single-Phase 


5 

10 

i 

i             1 

[             400 

40,000 

10 

10 

4 

4             1 

[             200 

20,000 

15 

10 

3 

f             1 

[             1334 

13.3334 

20 

10 

I 

I               ] 

[             100 

10,000 

25 

10 

1} 

i\             1 

[               80 

8.000 

CONSTANTS  AND   TEST  FORMULAS 
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FORT  WAYNE  TYPE  K4  WATT-HOUR  METERS    (ConHnued) 

200-250  Volts,  2-Wire,  Single-Phase 


Caiwdty 

in 
Ampcc 

Numerical 
Value  of  I 
Revolution 
of  I8t  Dial 
Hand 

Test 

Watt-hour 

Constant 

(Kh) 

Numerical 

Value  of 

Register 

Constant 

(Kr) 

Register 

Ratio 

(Rr) 

Gear 
Ratio 
(Rf) 

5 

10 

i 

i 

200 

20,000 

10 

10 

1 

I 

100 

10,000 

15 

10 

li 

li 

66§ 

6,666§ 

20 

10 

2 

2 

50 

5,000 

25 

10 

2i 

2i 

40 

4,000 

200-250  Volts,  3-Wire,  Single-Phase 


5 

10 

i 

i         1 

[                     200 

20,000 

10 

10 

I 

I               ] 

[                    100 

10,000 

15 

10 

lA 

x5             ] 

[                66§ 

6,6668 

20 

10 

2 

2              1 

i               50 

5.000 

25 

10 

25 

2i                     ] 

f               40 

4,000 

■ 

t 

The  formula  for  testing  all  types  and  capacities  of  Sangamo  watt-hour 
meters  when  using  indicating  instruments  and  a  stop  watch  is 

RXK, 

Watts  = — 5 

in  which 

R  =  Number  of  complete  revolutions  of  the  moving  element. 
S  =  Number  of  seconds  required  for  R  revolutions. 
Kj  =  Test  constant. 

In  the  literature  pertaining  to  watt-hour  meter  testing  distributed  by 
the  Sangamo  Company,  the  testing  formula  appears  as  follows: 

RXK 
Watts  =  — ^ 

in  which 

R  =  Number  of  revolutions.  -    - 

T  =  Number  of  seconds. 
K  =  Constant, 


688 


ELECTRICAL  METERMAN'S  HANDBOOK 


SANGAMO    TYPE    D    CONTINUOUS    CURRENT    WATT-HOUR 

METERS 
no  Volts,  2- Wire 


Capacity 

in 
Amperes 

Numerical 
Value  of  1! 
Revolution 
of  I8t  Dial 
Hand 

Tctt 
Constant 

Numerical 
Watt-hour      Value  of 
Constant       Register 
(Kh)           Constant 

(K,) 

Register 
Ratio 

(Rr) 

Gear 
Ratio 

(Watt-seconds) 

5 

10 

2,400 

§                    I 

300 

15,000 

10 

10 

2,400 

§                    I 

300 

15,000 

20 

10 

4,800 

ll                   I 

ISO 

7,500 

30 

10 

7,200 

2                       I 

100 

S,ooo 

40 

10 

9,600 

2S                      I 

75 

3.750 

60 

10 

14,400 

4                   I 

50 

2,500 

80 

10 

19,200 

S§                I 

Z7h 

1.875 

100 

10 

24,000 

6§                I 

30 

1.500 

ISO 

10 

36,000 

10                  I 

20 

1. 000 

200 

10 

48,000 

I3i                 I 

15 

750 

300 

10 

72,000 

20                   I 

10 

500 

400 

10 

96,000 

26i                1 

7i 

375 

500 

10 

120,000 

Zih                I 

6 

300 

600 

10 

144,000 

40                  I 

5 

250 

800 

10 

192,000 

53*               10 

^7^ 

1.87s 

1,000 

10 

240,000 

66i              10 

30 

1,500 

220 

Volts,  2- Wire 

5 

10 

4,800 

iJ                I 

150 

7.500 

10 

10 

4,800 

li                I 

150 

7.500 

20 

10 

9,600 

2S                      I 

75 

3.750 

30 

10 

14,400 

4                  I 

50 

2,500 

40 

10 

19,200 

5i                I 

37i 

1,875 

60   * 

10 

28,800 

8                  I 

25 

1,250 

80 

10 

38,400 

lOl                      I 

i8f 

937i 

100 

10 

48,000 

I3i                I 

15 

750 

150 

10 

72,000 

20                  I 

10 

500 

200 

TO 

96,000 

26§                      I 

7\ 

375 

300 

10 

144,000 

40             I 

5 

250 

400 

10 

192,000 

53i              10 

37i 

1.87s 

500 

10 

240,000 

66i              10 

30 

1,500 

600 

10 

288,000 

80                10 

25 

1,250 

800 

10 

384,000 

io6f              10 

i8i 

937^ 

1,000 

10 

480,000 

133*             10 

15 

750 

CONSTANTS  AND   TEST  FORMULAS 
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SANGAMO    TYPE    D    CONTINUOUS    CURRENT    WATT-HOUR 

METERS  (Continued) 

500  Volts,  2- Wire 


Capacity 

in 
Amperes 

Numerical 

Value  of  I           Test 
Revolution      Constant 
of  ist  Dial           (K() 
Hand 

Watt-hour 
Constant 
(Kh) 

Numerical 
Value  of 
Register 
Constant 

Register 
Ratio 

(Rr) 

Gear 
Ratio 

(R,) 

(Watt-ieconds) 

5 

10 

12,000 

3J 

60 

3,000 

10 

10 

12,000 

3i 

60 

3,000 

20 

10 

24,000 

6§ 

30 

1,500 

30 

10 

36,000 

10 

20 

1,000 

40 

10 

48,000 

I3i 

15 

750 

60 

10 

72,000 

20 

10 

500 

80 

10 

96,000 

26i 

7i 

375 

100 

10 

120,000 

33  J 

6 

300 

150 

10 

180,000 

50 

10 

40 

2,000 

200 

10 

240,000 

661 

10 

30 

1,500 

300 

10 

360,000 

100 

10 

20 

1,000 

400 

10 

480,000 

I33i 

10 

15 

750 

500 

10 

600,000 

i66i 

10 

12 

600 

600 

10 

720,000 

200 

10 

10 

500 

800 

10 

960,000 

266§ 

10 

7i 

375 

1,000 

10 

1,200.000 

333i 

10 

6 

300 

600  Volts,  2- Wire 

5 

10 

14,400 

4 

50 

2,500 

10 

10 

14,400 

4 

50 

2,500 

20 

10 

28,800 

8 

25 

1,250 

30 

10 

43.-^00 

12 

i69 

833*. 

40 

10 

57.600 

16 

I2i 

625 

60 

10 

86,400 

24 

Sk    ' 

4i6§ 

80 

10 

115,200 

32 

61 

3i2i 

100 

10 

144,000 

40 

5 

250 

150 

10 

216,000 

60 

10 

33J 

i,666§ 

200 

10 

288,000 

80 

10 

25 

1,250 

300 

10 

432,000 

120 

10 

i6§ 

833i 

400 

10 

576,000 

160 

10 

I2i 

625 

500 

10 

720,000 

200 

10 

10 

500 

600 

10 

864,000 

240 

10 

Sh 

4i63 

800 

10 

1,152,000 

320 

10 

6i 

3i2i 

1,000 

10 

1,440,000 

400 

10 

5 

250 
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SANGAMO    TYPE    F    SINGLE-PHASE    WATT-HOUR    METERS 

no  Volts,  2- Wire 


Capacity 

in 
Amperes 

Numerical 

Value  of  I           Test 
Revolution      Constant 
of  ist  Dial          (KJ 
Hand 

Watt-hour 
Constant 
(Kh) 

Numerical 
Value  of 
Register 
Constant 

Register 
Ratio 

(Rr) 

Gear 
Ratio 

(Rg) 

(Watt-seconds) 

* 

5 

10 

1,800 

i 

400 

20,000 

10 

10 

2,400 

9 

300 

15,000 

20 

IQ 

4,800 

ll 

150 

7,500 

30 

10 

7,200 

2 

100 

5,000 

40 

10 

9,600 

2S 

75 

3,750 

60 

10 

14,400 

4 

50 

2,500 

80 

10 

19,200 

Si 

37* 

1,875 

100 

10 

24,000 

6§ 

30 

1,500 

150 

10 

36,000 

10 

20 

1,000 

200 

10 

48,000 

I3i 

15 

750 

300 

10 

72,000 

20 

10 

500 

400 

10 

96,000 

26§ 

7* 

375 

500 

10 

120,000 

33* 

6 

300 

600 

10 

144,000 

40 

5 

250 

800 

10 

192,000 

53* 

10 

37^ 

1,875 

1,000 

10 

240,000 

66S 

10 

30 

1,500 

200 

Volts,  2-Wire 

5 

lO 

3,600 

I 

200 

10,000 

10 

10 

4,800 

I* 

ISO 

7,500 

20 

10 

9,600 

28 

75 

3,750 

30 

10 

14.400 

4 

50 

2,500 

40 

10 

19,200 

5* 

37* 

1,875 

60 

10 

28.800 

8 

25 

1,250 

80 

10 

38,400 

loi 

18I 

937* 

100 

10 

48,000 

13* 

^ 

15 

750 

150 

10 

72,000 

20 

10 

500 

200 

10 

96,000 

26§ 

7* 

375 

300 

10 

144,000 

40 

5 

250 

400 

10 

192,000 

53* 

10 

37h 

1,875 

500 

10 

240,000 

66§ 

10 

30 

1,500 

600 

10 

288,000 

80 

10 

25 

1,250 

800 

10 

384,000 

io6§ 

10 

i82 

937* 

T,000 

10 

480,000 

133* 

10 

15 

750 

CONSTANTS  AND   TEST  FORMULAS 
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SANGAMO  TYPE  F  SINGLE-PHASE  WATT-HOUR  METERS 

(Continued) 

vio-220  Volts,  3-Wire 


Capacity 

in 
Amperes 

Numerical 
Value  of  I 
Revolution 
of  1st  Dial 
Hand 

Teat 
t      Constant 

(Watt-aeconds) 

Watt-hour 
Constant 
(Kh) 

Numerical 
V  alue  of 
Register 

Constant 

Register 

Ratio 

(Rr) 

Gear 
Ratio 

(Rf) 

5 

10 

3,600 

I 

200 

10,000 

10 

10 

4,800 

ih 

150 

7,500 

20 

10 

9,600 

2§ 

75 

3,750 

30 

10 

14,400 

4 

50 

2,500 

40 

10 

19,200 

5h 

37i 

1,875 

60 

10 

28,800 

8 

25 

1,250 

80 

10 

38,400 

I0§ 

18I 

937i 

100 

10 

48,000 

I3i 

15 

750 

150 

10 

72,000 

20 

10 

Soo 

200 

10 

96,000 

26S 

7i 

375 

300 

10 

144,000 

40 

5 

250 

400 

10 

192,000 

53* 

10 

37^ 

1,875 

500 

10 

240,000 

66§ 

10 

30 

1,500 

600 

10 

288,000 

80 

JO 

25 

1,250 

800 

10 

384,000 

106S 

10 

18I 

937  i 

1,000 

10 

480,000 

I33i 

10 

15 

750 
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SANGAMO    TYPE 


H    SINGLE-PHASE    WATT-HOUR    METERS 
no  Volts,  2- Wire 


• 

Nttmerical 

Numerical 

Capacity 

Value  of  X 

Teat 

Watt-bour 

Value  of 

Register 

Gear 

in 

Revolution 

Constant 

Constant 

Register 

Ratio 

Ratio 

Amperes 

of  i8t  Dial 
Hand 

(Kt) 

(Kh) 

Constant 

(Rr) 

(Re) 

(Watt-Mconds) 

5 

10 

750 

A 

960 

48,000 

10 

10 

1,500 

A- 

480 

24,000 

20 

10 

3.000 

l 

240 

12,000 

30 

10 

4,500 

l\ 

160 

8.000 

40 

10 

6,000 

li 

120 

6,000 

60 

10 

9,000 

2i 

80 

4.000 

80 

10 

12,000 

3i 

60 

3.000 

100 

10 

i5»ooo 

4i 

48 

2,400 

150 

10 

22,500 

6i 

32 

1,600 

200 

10 

30,000 

8i 

24 

1,200 

300 

10 

45.000 

I2i 

10 

160 

8.000 

400 

10 

60,000 

i6§ 

10 

120 

6.000 

500 

10 

75.000 

20S 

10 

96 

4,800 

600 

10 

90,000 

25 

10 

80 

4.000 

800 

10 

120,000 

33i 

10 

60 

3,000 

1,000 

10 

150,000 

413 

10 

.     48 

2,400 

220 

Volts,  2-W 

ire 

5 

10 

1.500 

h 

« 

480 

24,000 

10 

10 

3.000 

i 

240 

12,000 

20 

10 

6,000 

li 

120 

6,000 

30 

10 

9,000 

2i 

80 

4,000 

40 

10 

12,000 

34 

60 

3.000 

60 

10 

18,000 

5 

40 

2,000 

80 

10 

24,000 

6§ 

30 

1,500 

100 

10 

30,000 

u 

24 

1,200 

150 

'  10 

45,000 

I2i 

10 

160 

8,000 

200 

10 

60,000 

i6s 

10 

120 

6,000 

300 

10 

90,000 

25 

10 

80 

4,000 

400 

10 

120,000 

33i 

10 

60 

3.000 

500 

10 

150,000 

4ii 

10 

48 

2,400 

600 

10 

180,000 

50 

10 

40 

2,000 

800 

10 

240,000 

669 

10 

30 

1,500 

1,000 

10 

300,000 

83i 

10 

24 

1,200 

CONSTANTS  AND    TEST  FORMULAS 
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SANGAMO  TYPE  H  SINGLE-PHASE  WATT-HOUR   METERS 

(Continued) 

1 10-120  Volts,  3- Wire 


• 

Capacity 

in 
Amperes 

Numerical 
Vafue  01   I 
Revolution 
of  ist  Dial 
Hand 

Test 

Constant 

(Kt) 

(Watt-seconds) 

Watt-hour 
Constant 
(Kh) 

Numerical 

Value  of 

Register 

Constant 

(K,) 

Register 

Ratio 

(Rr) 

Gear 

Ratio 

(Rg) 

• 

5 

10 

1,500 

is 

480 

24,000 

10 

10 

3tOOO 

f 

240 

12,000 

20 

10 

6,000 

I§ 

120 

6,000 

30 

10 

9.000 

2j 

80 

4,000 

40 

10 

12,000 

3i 

60 

3,000 

60 

10 

18,000 

5 

40 

2,000 

80 

10 

24,000 

6S 

30 

1,500 

100 

10 

30,000 

8J 

24 

1,200 

150 

TO 

45.000 

I2i 

TO 

r6o 

8,000 

if  00 

10 

60,000 

m 

10 

120 

6,000 

300 

10 

90,000 

25 

10 

80 

4,000 

400 

10 

120,000 

33i 

10 

60 

3,000 

500 

TO 

150.000 

41 M 

10 

48 

2.400 

600 

10 

180,000 

50 

10 

40 

2,000 

800 

10 

240,000 

66a 

10 

30 

1,500 

T,000 

10 

300,000 

83J 

10 

24 

1,200 

On  account  of  the  many  special  purposes  for  which  ampere-hour 
meters  are  used,  and  the  various  types  of  recording  trains  which 
it  has  been  found  necessary  to  build  for  these  purposes,  the  data  on 
these  trains  cannot  be  given  exactly  in  the  same  way  as  for 
standard  watt-hour  meters.  Given  herewith  is  a  table  containing 
the  data  for  ampere-hour  meters  compiled  in  the  same  form  as  that 
for  watt-hour  meters,  so  far  as  is  possible  to  do  so.  The  numerical  value 
of  one  revolution  of  the  first  dial  hand,  the  register  constant,  the  gear 
ratio,  etc.,  cannot  be  given,  however,  in  the  same  way  as  given  for  watt- 
hour  meters. 

Recording  trains,  or  registers,  as  used  on  Sangamo  ampere-hour 
meters,  are  of  three  general  types: 
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(i)  Standard  4-dial  register,  as  used  on  Sangamo  Type  D  watt-hour 
meters.  These  are  used  on  meters  where  it  is  desired  to  keep  a  record 
of  total  charge  or  discharge,  but  not  both. 

Meters* with  such  dials  are  usually  used  in  pairs  on  loads  subject  to 
rapid  reversals,  and  each  meter  is  equipped  with  detent  on  shaft  to  pre- 
vent backward  movement  of  dials. 

(2)  Duplex  recording  trains,  register  having  two  rows  of  four 
dials  each,  one  for  charge  and  one  for  discharge,  the  gearing  for  each 
row  being  arranged  so  that  when  one  set  of  dials  is  recording  the  other 
is  stopped. 

(3)  Register  with  large  circular  dial,  3^  inches  in  diameter,  read- 
ing in  various  unit  values  of  ampere-hours  per  revolution,  dial  having 
one  hundred  divisions,  every  tenth  division  being  heavy,  and  numbered. 

A  sub-t3rpe  is  a  register  with  large  dial,  and  within  it,  below  the 
center  of  main  dial  a  row  of  four  totalizing  dials,  reading  from  left  to 
right,  instead  of  from  right  to  left,  like  other  dials.  (This  came  about 
through  certain  difficulties  in  gearing  up  for  the  totalizing  train.) 

The  totalizing  dials  are  arranged  to  record  total  discharge  or  charge, 
but  not  both,  being  geared  to  move  when  large  hand  is  moving  in  one 
direction,  but  held  by  a  detent  when  it  reverses. 

This  type  of  register  is  also  made  to  record  in  various  units  propor- 
tional to  ampere-hours,  such  as  weights  of  metals  for  electroplating,  and 
ampere  squared-hours  for  measuring  losses  in  conductors,  and  may  be 
provided  with  resetting,  alarm  giving  and  circuit  opening  features,  all 
of  which  are  described  in  Chapter  XVI. 

The  test  constant  is  the  same  for  a  given  capacity  meter,  irrespective 
of  the  type  of  register  used,  but  the  register  constants,  register  ratios  and 
gear  ratios  vary  according  to  the  type  of  register  as  noted  on  the  table 
following. 

Note:  With  duplex  trains,  if  both  charge  and  discharge  dials  are  ar- 
ranged to  read  in  ampere-hours,  the  values  in  the  table  apply  to  both, 
but  if  charge  row  is  geared  to  read  in  kilowatt-hours  at  normal  charging 
voltage,  say  120,  the  first  right-hand  dial  in  the  charge  row  reads  10  kilo- 
watt-hours per  revolution  in  all  capacities  up  to  and  including  200  am- 
peres. 


lO 

iiku 

36 

20 

kSi 

72 

30 

T§TT 

108 

40 

.A 

144 

60 

A 

216 

80 

A 

288 

100 

-.^ 

360 

150 

-.V 

540 

200 

ii 

720 

300 

A 

1,080 

Con» 
stant 

Register 
Ratio 

Gear 
Ratio 

10 

200 

10,000 

10 

100 

5,000 

10 

66i 

3,333i 

10 

50 

2,500 

10 

33* 

1,6668 

10 

25 

1,250 

10 

20 

1,000 

10 

I3S 

666§ 

10 

10 

500 

100 

66§ 

333J 
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TABLE   OF   DATA   FOR   SANGAMO   AMPERE-HOUR    METERS 

Capacity  AmpJIrs.  Amp.  Sees.  Amp.  Hrs.    Regigter 

m^^            per  per          per  Rev.       *^gi«»'«» 

A»,J^o.      Rev.  of  Rev.  of         of  1st 

AJiipcres        pj3j^  ^^       Dial  Hand 

100 
100 
100 
100 
100 
100 
100 
100 
100 
1,000 

Larger  sizes  have  proportional  values. 

Above  values  are  for  types  (i)  and  (2)  registers,  as  per  notes  herewith. 

In  case  of  type  (3)  registers,  with  large  circular  dials,  the  large  dial 
may  have  any  desired  standard  value  for  one  revolution  of  the  hand  thus 
reading  direct  100,  200,  300,  400,  500  or  600  ampere-hours  to  a  revolution, 
and  each  tenth  division  being  numbered  accordingly.  For  larger  values, 
a  register  constant  of  10  is  employed, 

From  the  preceding  it  is  evident  that  the  register  ratio  and  the 
gear  ratio,  for  type  (3)  registers,  will  be  variables,  as  the  dial  value 
has  no  definite  relation  to  the  meter  capacity. 

When  totalizing  dials  are  present,  these  are  always  geared  so  that  the 
first  left-hand  dial  reads  100  ampere-hours  per  revolution,  irrespective  of 
the  value  of  large  dial,  unless  the  latter  is  greater  than  600,  in  which  case 
reading  of  totalizing  dials  must  be  multiplied  by   10. 

The  standard  formula  for  testing  all  types  and  capacities  of  Duncan 
watt-hour  meters  when  using  indicating  instruments  and  a  stop  watch  is 

3,600  X  K,  X  R 
Watts  = g 

in  which 

R  =  Number  of  complete  revolutions  of  the  moving  element. 

S  =  Number  of  seconds  required  for  R  revolutions. 

K\  =  Test  constant. 

3,600  =  Number  of  seconds  in  one  hour. 

In  the  literature  pertaining  to  watt-hour  meter  testing  distributed  by 
the   Duncan   Electric   Manufacturing   Company,   the   testing   formula   ap- 
pears as  follows :    ^  Revolutions  X  3,600  X  Testing  Constant 
^^"^  ""  Seconds  during  Test 
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DUNCAN   MODEL  A  WATT-HOUR   METERS 

no  Volts,  2- Wire 
(Serial  Numbers  Less.  Than  76,000)    (5-DIAL  METERS) 


CapAdty 

in 
Amptsra 

Numerical 
Value  of  X        Test 
Revolution    Constant 
of  ut  Dial       (Kj 
Hand 

Watt-hour 
Constant 

Numerical 
Value  of 
Register 
Constant 

Register 

Ratio 

(Rr) 

Gear 
Ratio 

(Re) 

2i 

I                      i 

i 

40 

4,000 

5 

I                      i 

i 

> 

40 

4,000 

7i 

I                      \ 

i 

20 

2,000 

10 

I                      I 

i 

20 

2.000 

15 

I                   I 

I 

10 

1,000 

25 

I                    I 

I 

10 

1,000 

50 

I                     2 

2 

5 

500 

75 

I                    3 

3 

3* 

333J 

100 

I                4 

4 

10 

25 

2.500 

150 

I                6 

6 

10 

i6§ 

1,6661 

200 

I               8 

8 

10 

12J 

1,250 

300 

I              12 

12 

10 

8i 

833i 

450 

I              20 

20 

10 

5 

500 

600 

I              25 

25 

10 

4 

400 

800 

I              30 

30 

10 

3i 

333* 

1,000 

I   '          40 

40 

100 

25 

2,500 

1,200 

I              50 

50 

100 

20 

2,000 

1,500 

I              60 

60 

100 

16I 

1.6661 

2,000 

I              80 

80 

100 

I2i 

1.250 

2,500 

I                 TOO 

100 

100 

TO 

1,000 

3.000 

I                 120 

120 

100 

8i 

833i 

4,000 

I                 160 

160 

100 

6J 

625 

5.000 

I                200 

200 

100 

5 

500 

6,000 

*     I                250 

250 

100 

4 

400 

8,000 

I                300 

300 

100 

3i 

333i 

10,000 

I                400 

400 

1,000 

25 

2.500 

12,000 

I                500 

500 

1,000 

20 

2,000 

15,000 

I                600 

600 

1,000 

i6§ 

i,666i 
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DUNCAN   MODEL  A   WATT-HOUR   METERS    {Continued) 

500  Volts,  2- Wire 
(Serial  Numbers   Less  Than  76,000)    (5-DIAL  METERS) 


Capacity 

in 
Amperes 

2i 
5 

7i 
10 

15 
25 
50 

75 
100 

150 
200 
300 

450 
600 
800 

1,000 

1,200 

1,500 

2,000 

2,500 

3.000 

4,000 

5,000 

6,000 

8,000 
10,000 
12,000   • 
i5»ooo 


Noxnerical 
Value  of  I        Test 
Revolution    Constant 
of  I  St  Dial        (Kt) 
Hand 


I 
I 
2 
2 

5 
5 

10 

16 

20 

30 

40 

60 

80 

100 

160 

200 

250 

300 

400 

500 

600 

800 

1,000 

1,200 

1,600 

2,500 

2,500 

3»ooo 


Watt-hour 

Constant 

(Kh) 

I 
I 
2 
2 

5 
5 

10 

16 

20 

30 

40 

60 

80 

100 

160 

200 

250 

300 

400 

500 

600 

800 

1,000 

1,200 

1,600 

2,500 

2,500 

3.000 


Numerical 

Value  of 

Register 

Constant 

(Kr) 

I 

I 

I 

I 

10 

10 

10 

10 

10 

10 

100 

100 

100 

100 

100 

100 

TOO 

100 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 


Register 
Ratio 

(Rr) 

Gear 
Ratio 
(Rg) 

10 

1,000 

10 

1,000 

5 

500 

5 

500 

20 

2,000 

20 

2,000 

10 

1,000 

6i 

625 

5 

500 

3i 

333i 

25 

2,500 

i6i 

i,666§ 

I2i 

1,250 

10 

1,000 

6i 

625 

5 

500 

4 

400 

3i 

333i 

25 

2,500 

20 

2,000 

i6§ 

i,666§ 

I2i 

1,250 

10 

1,000 

8i 

833i 

6i 

625 

4 

400 

4 

400 

3* 

333i 
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DUNCAN   MODEL  A   WATT-HOUR   METERS    {Continued) 

220  Volts,  2-  &  3-Wire 
(Serial  Numbers  Less  Than  76,000)    (5-DIAL  METERS) 


Capacity 

in 
Ampefies 

« 

Numerical 
Value  of  I      Test 
Revolution  Constant 
of  ist  Dial      (Kj 
Hand 

Watt-hour 

Constant 

(Kh) 

Numerical 
Value  of 
Register 
Constant 

(Kr) 

Register 

Ratio 

(Rr) 

Gear 
Ratio 

2i 

I                      ^ 

i 

20 

2,000 

5 

I                      i 

i 

20 

2,000 

7* 

I                    I 

I 

10 

1,000 

10 

I                    I 

I 

10 

1,000 

15 

I                     2 

2 

5 

500 

25 

I                     2 

2 

5 

'500 

50 

I                     4 

4 

10 

25 

2,500 

75 

I               6 

6 

10 

i6§ 

1, 6663 

100 

T                     8 

8 

10 

I2i 

1,250 

150 

I                   12 

12 

10 

8J 

833J 

200 

I                   16 

16 

10 

6^ 

625 

300 

I                   25 

25 

10 

4 

400 

450 

I                   40 

40 

100 

25 

2,500 

600 

I                   50 

50 

100 

20 

2,000 

800 

I                   60 

60 

100 

i6i 

1,6661 

1,000 

I                   80 

80 

100 

I2i 

1,250 

1,200 

r           100 

100 

100 

10 

1,000 

1,500 

I            120 

120 

100 

8^ 

833i 

2,000 

I            160 

160 

100 

6i 

62s 

-'.500 

1           200 

200 

100 

5 

500 

3.000 

I           250 

250 

100 

4 

400 

4.000 

I           300 

300 

TOO 

3i 

333* 

5,000 

I           400 

400 

1,000 

25 

2,500 

6,000 

I           500 

500 

1,000 

20 

2,000 

8,000 

I           800 

800 

1,000 

I2i 

1,250 

10,000 

I         1,200 

1,200 

1,000 

8J 

833i 

12,000 

I         1,200 

1,200 

1,000 

Sh 

833.% 

15,000 

I         1,600 

1,600 

1,000 

6i 

625 

CONSTANTS  AND   TEST  FORMULAS 

DUNCAN  MODEL  E  WATT-HOUR  METERS 

no  Volts,  2- Wire 
(Serial  Numbers  76,000  to  150,000)    (4-DIAL  METERS) 


699 


Capacity 

in 
Amperes 

Numerical 
Value  of  I      Test 
Revolution  Constant 
of  ist  Dial      (Ki) 
Hand 

Watt-hour 

Constant 

(Kh) 

Numerical 

Value  of 

Register 

Constant 

(K,) 

Register 

RaUo 

(Rr) 

Gear 
Ratio 
(Rf) 

2i 

10 

h 

i 

I 

800 

80,000 

5 

10 

i 

i 

I 

400 

40,000 

7i 

10 

i 

^ 

I 

200 

20,000 

10 

10 

i 

i 

I 

200 

20,000 

15 

10 

I 

I 

I 

100 

10,000 

25 

10 

I 

I 

I 

100 

10,000 

50 

10 

2 

2 

I 

50 

5,000 

75 

10 

3 

3 

I 

33i 

3,333* 

100 

10 

4 

4 

I 

25 

2,500 

150 

10 

6 

6 

I 

i6§ 

i,666i 

200 

10 

8 

8 

I 

I2i 

1,250 

300 

10 

12 

12 

I 

8i 

833i 

450 

10 

20 

20 

10 

50 

5,000 

600 

10 

25 

25 

I 

4 

400 

800 

10 

40 

40 

10 

25 

2,500 

1. 000 

10 

40 

40 

10 

25 

2,500 

1,200 

10 

50 

50 

10 

20 

2,000 

i,Soo 

10 

60 

60 

10 

16S 

1,6668 

2,000 

10 

100 

100 

100 

100 

1,000 

2,500 

10 

120 

120 

10 

Sh 

833i 

3,000 

10 

160 

160 

10 

6i 

625 

4,000 

10 

200 

200 

100 

50 

5,000 

5.000 

10 

250 

250 

10 

4 

400 

6,000 

10 

300 

300 

10 

3i 

333* 

8,000 

10 

300 

300 

10 

3J 

333i 

10,000 

lO 

400 

400 

100 

25 

2,500 

12,000 

10 

500 

500 

100 

20 

2,000 

15,000 

10 

600 

600 

100 

i6§ 

i,666§ 
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DUNCAN   MODEL  E   WATT-HOUR   METERS    {Continued) 

no  Volts,  2- Wire 
(Serial  Numbers  larger  than  I50/)oo)   (4-DIAL  METERS) 


CafMdty 

in 
Ainpcfcs 

Nnmerical 

Value  of  1        Teit        Watt-hoar 
Revolution    Constaot    Constant 
of  1st  Dial       (Ki)             (Kh) 
Hand 

Numencal 
Value  of 

Constant 

(Kr) 

Register 

Ratio 

(R») 

Gear 

Ratio 

(Rg) 

2\ 

10 

.125 

.125 

800 

80,000 

5 

10 

.25 

.25 

400 

40,000 

7i 

10 

.375 

.375 

2663 

26,6661 

10 

10 

.5 

.5 

200 

20,000 

15 

10 

.75 

.75 

I33i 

I3.333i 

25 

10 

1.25 

1.25 

10 

800 

80,000 

50 

10 

2.5 

2.5 

10 

400 

40,000 

75 

10 

3.75 

3.75 

10 

266§ 

26,6661 

100 

10 

5. 

5. 

10 

200 

20,000 

ISO 

10 

7.5 

7.5 

10 

i33i 

13*3334 

200 

10 

10. 

10. 

10 

100 

10,000 

300 

10 

15. 

15. 

10 

66i 

6,6669 

400 

10 

20. 

20. 

10 

50 

S,ooo 

450 

10 

22.5 

22.5 

10 

449 

4*4449 

500 

10 

25. 

25. 

10 

40 

4,000 

600 

10 

30. 

30. 

10 

33i 

3.333i 

800 

10 

40. 

40. 

100 

250 

25,000 

1,000 

10 

50. 

50. 

100 

200 

20,000 

1,200 

10 

60. 

60. 

100 

166S 

i6,6663 

1,500 

10 

75. 

75. 

100 

X33J 

i3,333i 

2,000 

10 

100. 

100. 

100 

100 

10,000 

2,500 

10 

125. 

125. 

100 

80 

8,000 

3»ooo 

10 

150. 

150. 

100 

661 

6,666! 

4,000 

10 

200. 

200. 

100 

SO 

5,000 

5.000 

10 

250. 

250. 

100 

40 

4,OOQ 

6,000 

10 

300. 

300. 

100 

33S 

3,333* 

8,000 

10 

400. 

400. 

100 

25 

2,500 

10,000 

10 

500. 

500. 

1,000 

200 

20.000 

12,000 

10 

600. 

600. 

1,000 

i66§ 

i6,666| 

15,000 

10 

750. 

750. 

1,000 

0 

I33i 

I3,333i 

20,000 

10     ] 

r,ooo. 

1,000. 

1,000 

100 

10,000 
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DUNCAN    MODEL    E    WATT-HOUR    METERS    (Continued) 

500  Volts,  2-Wire 
(Serial  Numbers  76,000  to   150,000)    (4-DIAL  METERS) 


Capacity 

in 
Amperes 

Numerical 
Value  of  z 
Revolution 
of  ist  Dial 
Hand 

Test 

Constant 

(Kt> 

Watt-hour 

Constant 

(Kh) 

Numerical 
Value  of 
Register 
Constant 

Register 
Ratio 

(Rr) 

Gear 

Ratio 
(Re) 

2i 

10 

i 

i 

I 

200 

20,000 

5 

10 

1 

I 

I 

100 

10,000 

7i 

10 

2 

2 

I 

50 

5,000 

10 

10 

2 

2 

I 

50 

5,000 

15 

10 

5 

5 

I 

20 

2,000 

25 

10 

5 

5 

I 

20 

2,000 

50 

10 

10 

10 

10 

100 

10,000 

75 

10 

16 

16 

I 

6i 

625 

100 

10 

20 

20 

10 

50 

5,000 

150 

10 

30 

30 

I 

3i 

333* 

200 

10 

40 

40 

10 

25 

2,500 

300 

10 

60 

60 

10 

i6i 

1,6663 

450 

10 

100 

100 

100 

100 

10,000 

600 

10 

120 

120 

10 

8i 

833i 

800 

10 

160 

160 

10 

61 

625 

1,000 

10 

200 

200 

100 

50 

5.000 

1,200 

10 

250 

250 

10 

4 

400 

1,500 

10 

300 

300 

10 

3i 

333* 

2,000 

10 

400 

400 

100 

25 

2,500 

2,500 

10 

500 

500 

100 

20 

2,000 

3,000 

10 

600 

600 

100 

i6§ 

1,6663 

4,000 

10 

800 

800 

100 

I2i 

1,250 

5,000 

10 

1,200 

1,200 

100 

8i 

833i 

6,000 

10 

1,200 

1,200 

100 

84 

833^1 

8,000 

10 

1,600 

1,600 

100 

61 

625 

10,000 

10 

2,500 

2,500 

100 

4 

400 

12,000 

10 

2,500 

2,500 

100 

4 

400 

15,000 

10 

3,000 

3,000 

100 

3h 

333i 

702  ELECTRICAL  METERMAN'S  HANDBOOK 

DUNCAN   MODEL  E  WATT-HOUR    METERS    {Continued) 

500  Volts,  2- Wire 
(Serial  Numbers  larger  than  150,000)    (4-DIAL  METERS) 


Capacity 
in 

Numerical                                               Numerical 
Value  of  I      Test           Watt-hour           Value  of 
Revolution  Constant       Constant            Register 
of  ist  Dial      (Kt)              (Kb)               Constant 
Hand                                                       (K,) 

Register 
Ratio 

(Rr) 

Gear 
Ratio 
(R<) 

2l 

10 

.625 

.625 

I 

160 

16,000 

5 

10 

1.25 

1. 25 

I 

80 

8,000 

7i 

10 

1.875 

1.875 

I 

53i 

5,333i 

10 

10 

2.5 

2.5 

I 

40 

4,000 

15 

10 

3.75 

3.75 

10 

2661 

26,6665 

25 

10 

6.25 

6.25 

10 

160 

16,000 

50 

10 

12.5 

12.5 

10 

80 

8,000 

75 

10 

18.75 

18.75 

10 

53i 

5,333i 

100 

10 

25. 

25. 

10 

40 

4,000 

150 

10 

37.5 

37.5 

100 

2663 

26,666! 

200 

10 

50. 

50. 

100 

200 

20,000 

300 

10 

75. 

75. 

100 

I33i 

I3,333i 

400 

10 

100. 

100. 

100 

100 

10,000 

450 

10 

112. 5 

112. 5 

100 

881 

8,8881 

500 

10 

125. 

125. 

100 

80 

8,000 

600 

10 

150. 

150. 

100 

66§ 

6,666s 

800 

10 

200. 

200. 

100 

50 

5.000 

1,000 

10 

250. 

250. 

100 

40 

4,000 

1,200 

10 

300. 

300. 

100 

33i 

3.333i 

1,500 

10 

375. 

375. 

1,000 

266S 

26,6661 

2,000 

10 

500. 

500. 

1,000 

200 

20,000 

2,500 

10 

625. 

625. 

1,000 

160 

16,000 

3,000 

10 

750. 

750. 

1,000 

I33i 

I3,333i 

4,000 

10 

1,000. 

1,000. 

1,000 

100 

10,000 

5.000 

10 

1,250. 

1,250. 

1,000 

80 

8,000 

6,000 

10 

1,500. 

1,500. 

1,000 

66§ 

6,666! 

8,000 

10 

2,000. 

2,000. 

1,000 

50 

5.060 

10,000 

10 

2,500. 

2,500. 

1,000 

40 

4.000 

12,000 

10 

3,000. 

3,000. 

1,000 

33i 

3,333i 

15,000 

10 

3750. 

3,750. 

10,000 

2663 

26,666§ 

20,000 

10 

5,000. 

5,000. 

10,000 

200 

20,000 
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DUNCAN    MODEL  E   WATT-HOUR    METERS    (Continued) 

220  Volts,  2  &  3-Wire 
(Serial  Numbers  76,000  to  150,000)     (4 -DIAL  METERS) 


Capacity 

in 
Amperes 

Numerical 
Value  of  I      Test 
Revolution  Constant 
of  ist  Dial      (Ko 
Hand 

^att-hour 
Constant 

Numerical 
Value  of 
Register 
Constant 

• 

Register 
Ratio 

(Rr) 

Gear 

Ratio 
(Rf) 

2i 

10 

i 

i 

400 

40,000 

5 

10 

i 

I 

200 

20,000 

7i 

10 

I 

I 

100 

10,000 

10 

10 

I 

I 

100 

10,000 

15 

10 

2 

2 

50 

5,000 

25 

10 

2 

2 

50 

5,000 

50 

10 

4 

4 

25 

2,500 

75 

10 

6 

6 

i6i 

i,666§ 

100 

10 

8 

8 

I2i 

1,250 

ISO 

10 

12 

12 

8^ 

833i 

200 

10 

16 

16 

6i 

625 

300 

10 

25 

25 

4 

400 

450 

10 

40 

40 

10 

25 

2,500 

600 

10 

50 

50 

10 

20 

2,000 

800 

10 

80 

80 

10 

I2i 

1.250 

1,000 

10 

100 

100 

TOO 

100 

10,000 

1,200 

10 

120 

120 

10 

Sh 

833i 

1,500 

10 

160 

160 

10 

61 

625 

2,000 

10 

200 

200 

100 

50 

5,000 

2,500 

10 

250 

250 

10 

4 

400 

3.000 

10 

300 

300 

10 

3* 

333  i 

4,000 

10 

400 

400 

TOO 

25 

2,500 

5,000 

10 

500 

500 

100 

20 

2,000 

6,000 

10 

600 

600 

100 

16I 

i,666§ 

8,000 

10 

800 

800 

100 

I2i 

1,250 

10.000 

10 

1,200 

1,200 

TOO 

Sh 

833i 

12,000 

10 

1,200 

1,200 

TOO 

81 

833i 

15,000 

10 

1,600 

1,600 

.    100 

6i 

625 

704 


ELECTRICAL  METERMAN'S  HANDBOOK 

DUNCAN  MODEL  E  WATT-HOUR  METERS   {Continued) 

220  Volts,  2  &  3-Wire 
(Serial  Numbers  larger  than  150,000)    (4-DIAL  METERS) 


Capacity 

in 
Amperes 

Numerical 
Value  of  I 
Revolution 
of  I8t  Dial 
Hand 

• 

Tert        Watt-hour 
Constant    Constant 
(Ki>             (Kh) 

Numerical 
Value  of 
Register 
Constant 

(Kr) 

Register 
Ratio 

(Rr) 

Gear 
Ratio 

CRc) 

2i 

10 

.25 

.25 

400 

40,000 

5 

TO 

.5 

.5 

200 

20,000 

7i 

10 

.75 

.75 

133* 

13,333* 

10 

10 

I. 

I. 

100 

10,000 

15 

10 

1.5 

1.5 

661 

6,6661 

25 

10 

2.5 

2.5 

TO 

400 

40,000 

50 

10 

5. 

5. 

10 

200 

20,000 

75 

10 

7.5 

7.5 

10 

I33i 

13,333* 

100 

10 

10. 

10. 

10 

100 

10,000 

150 

10 

15. 

15. 

10 

661 

6,666] 

200 

10 

20. 

20. 

10 

50 

5,000 

300 

10 

30. 

30. 

10 

33* 

3»333* 

400 

10 

40. 

40. 

10 

25 

2,500 

450 

10 

45. 

45. 

ID 

221 

2,222  J 

500 

10 

50. 

50. 

100 

200 

20,000 

600 

10 

60. 

60. 

100 

i66f 

i6,666l 

800 

TO 

80. 

80. 

TOO 

125 

12,500 

1,000 

TO 

TOO. 

TOO. 

TOO 

TOO 

10,000 

1,200 

10 

120. 

120. 

100 

83i 

8,333i 

1.500 

10 

150. 

150.' 

100 

66§ 

6,666§ 

2,000 

10 

200. 

200. 

100 

50 

5,000 

.2,500 

10 

250. 

250. 

100 

40 

4.000 

3.000 

TO 

300. 

300. 

100 

33^ 

3,333i 

4,000 

TO 

400. 

400. 

100 

25 

2,500 

5,000 

TO 

500. 

500. 

1,000 

200 

20,000 

6,000 

10 

600. 

600. 

1,000 

i66i 

i6,666| 

8,000 

TO 

800. 

800. 

1,000 

125 

12,500 

10,000 

10 

1,000. 

1,000. 

T,000 

TOO 

10,000 

12,000 

10 

1,200. 

1,200. 

1,000 

83J 

8.333i 

15.000 

10 

1,500. 

1,500, 

1,000 

66i 

6,6663 

20,000 

TO 

2.000. 

2,000. 

1,000 

50 

5,000 

CONSTANTS  AND    TEST  FORMULAS 

DUNCAN  MODEL  M  WATT-HOUR  METERS 

no  Volts,  2-Wire,   Single-Phase 
60  to  133  Cycles 


705 


Capacity 

in 
Amperes 

Numerical 
Value  of  I 
Revolution 
of  ist  Dial 
Hand 

TesJ 
Constant 
(Kt) 

Watt-hour 

Constant 

(Kb) 

Numerical 

Value  of 

Register 

Constant 

(Kr) 

Register 
Ratio 

Gear 
Ratio 
(Rg) 

5 

10 

.25 

.25 

I 

400 

40,000 

10 

10 

.5 

.5 

I 

200 

20,000 

IS 

10 

.75 

.75 

I 

I33i 

I3,333i 

20 

10 

I. 

I. 

I 

100 

10,000 

25 

10 

1.25 

1.25 

ID 

800 

80,000 

50 

10 

2.5 

2.5 

10 

400 

40,000 

.     75 

10 

3.75 

3.75 

10 

266§ 

26,666s 

100 

10 

5. 

5- 

10 

200 

20,000 

150 

10 

7.5 

7.5 

10 

I33i 

I3,333i 

200 

10 

10. 

10. 

10 

100 

10,000 

300 

10 

15. 

IS. 

10 

66§ 

6,6668 

400 

10 

20. 

20. 

10 

50 

5.000 

500 

• 

10 

25. 

25. 

10 

40 

4,000 

220  Volts,  2-Wire 

,  Single-Phase 

60  to  133 

Cycles 

5 

10 

.5 

.5 

I 

200 

20,000 

ID 

10 

I. 

I. 

I 

100 

10,000 

15 

10 

1.5 

1. 5 

I 

66§ 

6,666S   . 

20 

10 

2. 

2. 

I 

50 

5,000 

25 

10 

2.5 

2.5 

10 

400 

40,000 

50 

10 

5. 

5. 

10 

200 

20,000 

75 

10 

7.5 

7.5 

10 

133J 

I3,333i 

100 

10 

10. 

10. 

10 

100 

10,000 

150 

10 

15. 

15. 

10 

66§ 

6,666S 

200 

10 

20. 

20. 

10 

50 

5,000 

300 

10 

30. 

30. 

10 

33i 

3,333* 

400 

10 

40. 

40. 

10 

25 

2,500 

500 

10 

50. 

50. 

100 

200 

20,000 

7o6 


ELECTRICAL  METERMAN'S  HANDBOOK 


DUNCAN   MODEL  M   WATT-HOUR   METERS    (Continued) 

220  Volts,  3- Wire,  Single-Phase 
60  to  133  Cycles 


Capacity 

in 
Axnperes 

Numerical 
Value  of  I 
Revolution 
of  ist  Dial 
Hand 

Test 

Constant 

(Kt) 

Watt-hour 

Constant 

(Kb) 

Numerical 
Value  of 
Register 
Constant 

(Kr) 

Register 
Ratio 

(Rr) 

Gear 

Ratio 

(Re) 

5 

10 

■5 

.5 

I 

200 

20,000 

10 

10 

I. 

I. 

I 

100 

10,000 

15 

10 

1-5 

1.5 

I 

66S 

6,6661 

20 

10 

2. 

2. 

I 

50 

5,000 

25 

10 

2.5 

2.5 

10 

400 

40,000 

50 

10 

5. 

5. 

10 

200 

20,000 

75 

10 

7.5 

7.5 

10 

133* 

I3.333i 

100 

10 

10. 

10. 

10 

100 

10,000 

150 

10 

15. 

15. 

10 

66§ 

6,6663 

200 

10 

20. 

20. 

10 

50 

5,000 

300 

10 

30. 

30. 

10 

33h 

3.333S 

400 

10 

40. 

40. 

10 

25 

2.500 

500 

10 

50. 

50. 

100 

200 

20,000 

The  standard  formula  for  testing  all  types  and  capacities  of  Columbia 
watt-hour  meters  when  using  indicating  instruments  and  a  stop  watch  is 

RXK, 
Watts  = — g — 

in  which 

R  ^  Number  of  complete  revolutions  of  the  moving  element. 
S  =  Number  of  seconds  required  for  R  revolutions. 
K^  =  Test  constant. 

In  the  literature  pertaining  to  watt-hour  meter  testing  distributed  by 
the  Columbia  Mdter  Company,  the  testing  formula  appears  as  follows: 

Rev.  X  K 
Watts  = 


in  which 


Sec. 

Rev.  =  Number  of  revolutions. 
Sec.  =  Number  of  seconds, 
K     =Test  constant. 
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COLUMBIA    CONTINUOUS    CURRENT    TYPE   D    WATT-HOUR 

METERS 

100  Volts,  2-Wire 


Capacity 

in 
Amx>ere8 

Numerical 
Value  of  X 
Revolution 
of  i8t  Dial 
Hand 

Test 
Constant 

(Watt-seconds) 

Watt-bour 
Constant 
(Kh) 

Numerical 

Value  of 

Register 

Constant 

(K,) 

Register 
Ratio 

(Rr) 

Gear 
Ratio 

(Rn) 

5 

10 

1,000 

A 

360 

36,000 

10 

10 

2,000 

t 

*i8o 

18,000 

15 

10 

3,000 

i 

120 

12,000 

25 

10 

5,000 

!-.% 

72 

7,200 

50 

10 

10,000 

2j 

36 

3,600 

75 

10 

15,000 

44 

24 

2,400 

100 

100 

20,000 

s% 

180 

18,000 

150 

TOO 

30,000 

8^ 

120 

12,000 

200 

100 

40,000 

1 14 

90 

9,000 

300 

100 

60,000 

165 

60 

6,000 

200 

Volts,  2-Wire 

2i 

10 

1,000 

A            1 

[               360 

36,000 

5 

10 

2,000 

t              1 

[               180 

18,000 

7i 

10 

4,000 

i4           1 

[                 90 

9,000 

10 

10 

4,000 

i4           3 

t                 90 

9,000 

15 

10 

6,000 

il           ] 

[                60 

6,000 

25 

10 

10,000 

2\                   ] 

[                 36 

3,600 

50 

100 

20,000 

54             ^ 

[               180 

18,000 

75 

100 

30,000 

8i              ] 

[               120 

12,000 

100 

100 

40,000 

Hi              1 

[                 90 

9,000 

150 

100 

60,000 

i6s             1 

[                 60 

6,000 

200 

100 

80,000 

22I             ] 

I                 45 

4.500 

300 

TOO 

120,000 

33* 

\                 30 

3.000 

7o8 


ELECTRICAL  METERMAN'S  HANDBOOK 


COLUMBIA    CONTINUOUS    CURRENT    TYPE   D    WATT-HOUR 

METERS    (Continued) 

500  Volts,  2-Wire 


Capacity 

in 
Amperes 

Numerical 
Value  of   I 
Revolution 
of  ist  Dial 
Hand 

Test 
Constant 

(Watt-seconds; 

Watt-hour 
Constant 
(Kh) 

Numerical 

Value  of 

Register 

Constant 

(K,) 

Register 

Ratio 

(Rr) 

Gear 
Ratio 

(R«) 

3 

10 

3,000 

t 

120 

12,000 

5 

10 

S,ooo 

I-.^* 

72 

7,200 

10 

10 

10,000 

2| 

36 

3,600 

IS 

TO 

iS.Poo 

4* 

24 

2^00 

2S 

100 

20,000 

5i 

180 

18,000 

SO 

100 

50,000 

I3S 

72 

7,200 

75 

100 

ik),ooo. 

22i 

45 

4,500 

100 

TOO 

100,000 

2/5 

36 

3,600 

ISO 

100 

150,000 

4i!l 

24 

2,400 

200 

1,000 

200,000 

55^ 

180 

18.000 

300 

1,000 

300,000 

834 

120 

12,000 

100-200  Volts,  3-Wirc 


2i 

10 

1,000 

5 

10 

2,000 

7i 

10    • 

4,000 

10 

10 

4,000 

15 

10 

6,000 

25 

10 

10,000 

50 

100 

20,000 

75 

100 

30,000 

100 

100 

40,000 

150 

100 

60.(XK) 

200 

100 

80,000 

300 

100 

120,000 

I  8 

5. 
9 


li 

iS 

2j 

55 

8:\ 
III 


I            360 

36,000 

I           180 

18,000 

I           90 

9,000 

I           90 

9.000 

1           60 

6,000 

I         36 

3.600 

I           180 

18,000 

I                    120 

12,000 

1                      90 

9,000 

I                      60 

6.000 

1                 45 

4,500 

I                 30 

3.000 
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COLUMBIA  TYPE  SH  CONTINUOUS  CURRENT  WATT-HOUR 

METERS 

100  Volts,  2-Wire 


Capacity 

in 
Amperes 

Ntimerical 
Value  of  I 
Revolution 
of  i8t  Dial 
Hand 

Test 
Constant 

(Watt-seconds) 

Watt-hour 
Constant 
(Kh) 

Numerical 

Value  of 
Register 
Constant 

Register 

Ratio 

(Rr) 

Gear 
Ratio 

(Rc) 

100 

100 

20,000 

Si 

180 

18,000 

150 

100  ' 

30,000 

Sh 

120 

12,000 

200 

100 

40,000 

Hi 

90 

9.000 

300 

100 

60,000 

16I 

60 

6,000 

400 

100 

80,000 

22| 

45 

4,500 

500 

100 

100,000 

27i 

1  I 

36 

3,600 

600 

100 

120,000 

33i 

30 

3,000 

800 

100 

150,000 

4ii 

24 

2,400 

1,000 

1,000 

200,000 

554 

180 

18,000 

1,200 

1,000 

200,000 

554 

180 

18,000 

200 

Volts,  2-Wire 

■ 

100 

100 

40,000 

Hi              1 

[             90 

9,000 

150 

100 

60,000 

16I              1 

[             60 

6,000 

200 

100 

80,000 

22}                   ] 

I              45 

4,500 

300 

100 

120,000 

33i              1 

I              30 

3,000 

400 

100 

150,000 

4if              ] 

t              24 

2,400 

500 

1,000 

200,000 

55i              ^ 

[             180 

18,000 

600 

1,000 

200,000 

55t              1 

[             180 

18,000 

800 

1,000 

300,000 

83i              ] 

[             120 

12,000 

1,000 

1,000 

400,000 

mi             1 

[              90 

9,000 

1,200 

1,000 

500,000 

1385             ] 

I.             72 

7,200 

7IO 


ELECTRICAL  METERMAN'S  HANDBOOK 


COLUMBIA  TYPE  SH  CONTINUOUS  CURRENT  WATT-HOUR 

METERS    {Continued) 

500  Volts,  2-Wire 


Numerical 
Capacity     Value  of  x          Test 

in           Revolution      Constant 
AmiMtres     of  ist  Dial          (KJ 
Hand 

Watt-hour 
Constant 
(Kh) 

Numerical 

Value  of 

Register 

Constant 

(Kr) 

Register 

Ratio 

(Rt) 

Gear 
Ratio 

(Watt-seconds) 

100 

100 

100,000 

27i 

36 

3»6oo 

150 

100 

150,000 

41S 

24 

2,400 

200 

1,000 

200,000 

558 

180 

18,000 

300 

1,000 

300,000 

83J 

120 

12,000 

400 

1,000 

400,000 

III9 

90 

9,000 

500 

1,000 

500,00() 

I38S 

72 

7.200 

600 

1,000 

600,000 

166S 

60 

6,000 

800 

1,000 

800,000 

222} 

45 

4.500 

1,000 

1,000 

1,000,000 

.277 1 

2fi 

3.600 

1,200 

1,000 

1,200,000 

333i 

30 

3,000 

100-200 

Volts,  3-Wire 

100 

100 

40,000 

ii4               ) 

[              90 

9,000 

150 

100 

60,000 

16S               ] 

[              60 

6,000 

200 

100 

80,000 

22i                     ] 

I              45 

4,500 

300 

100 

120,000 

33i               ] 

I              30 

3,000 

400 

100 

150,000 

419               ] 

[              24 

2,400 

500 

1. 000 

200,000 

55S               J 

[             180 

18,000 

600 

1,000 

200,000 

55t               ] 

[             180 

18,000 

800 

1,000 

300,000 

83i              1 

[            120 

12,000 

1,000 

1,000 

400,000 

iiij              ] 

I              90 

9,000 

1,200 

1,000 

500,000 

138I               ] 

[              72 

7,200 

CONSTANTS  AND   TEST  FORMULAS 
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COLUMBIA  TYPE  C-i  WATT-HOUR  METERS 
.    100  Volts,  2- Wire,  Single- Phase 


Capacity 

in 
Anpcrea 

Numerical 
Value  of  X 
Revolution 
oC  i8t  Dial 
Hand 

Teat 

Constant 

(Kt) 

(Watt-fleconds) 

Watt-hour 
Constant 
(Kh) 

Numoieal 
Value  of 
Register 
Constant 

Register 

Ratio 

(Rr) 

Gear 
Ratio 

(Rs) 

5 

10 

1,000 

A 

360 

36,000 

10 

10 

2,000 

9 

180 

18,000 

15 

10 

3»000 

\ 

120 

12,000 

25 

JO 

5,000 

i-h 

72 

7,200 

SO 

10 

10,000 

A 

36 

3,600 

75 

10 

i5»ooo 

4» 

24 

2,400 

100 

100 

20,000 

s» 

180 

18,000 

150 

100 

30,000 

8i 

120 

12,000 

200 

100 

40,000 

li 

90 

9,000 

300 

100 

60,000 

i6§ 

60 

6,000 

200  Volts, 

2- Wire,  Single- 

Phase 

2h 

r 
10 

1,000 

in                        ^ 

I            360 

36,000 

5 

10 

2,000 

^                          1 

I             180 

18,000 

10 

10 

4,000 

li                          ) 

[              90 

9,000 

15 

10 

6,000 

I§                          1 

[              60 

6,000 

25 

10 

10,000 

2i                   1 

[              36 

3,600 

50 

100 

20,000 

5i              ) 

[             180 

18,000 

75 

100 

30,000 

81              1 

[             120 

12,000 

100 

100 

40,000 

Hi              ] 

[              90 

9,000 

150 

100 

60,000 

i69              J 

[              60 

6,000 

200 

100 

80,000 

22J              ] 

[              45 

4,500 

300 

100 

120,000 

33i              ) 

[               30 

3,000 

712 


ELECTRICAL  METERMAN'S  HANDBOOK 


COLUMBIA  TYPE  C-i  WATT-HOUR  METERS   (Continued) 

100-200  Volts,  3-Wire,  Single-Phase 


Capacity 

in 
Amperes 

Numerioal 
Value  of  I 
Revolution 
ol  1st  Dial 
Hand 

Test 
Constant 

(Watt-seconds) 

Watt-bour 
Coostont 

Numerical 
Value  of 
ReRister 
Constant 

Register 
Ratio 

(Rr) 

Gear 

Ratio 

(Rff) 

2i 

10 

1,000 

-N 

360 

36,000 

5 

10 

2,000 

i 

180 

18,000 

lO 

10 

4,000 

It 

90 

9.000 

15 

10 

6,000 

If 

60 

6,000 

25 

10 

10,000 

2l 

36 

3»6oo 

50 

100 

20,000 

5f 

180 

18,000 

75 

100 

30,000 

81 

120 

12,000 

100 

100 

40,000 

Hi 

90 

9.000 

150 

100 

60,000 

i6i 

60 

6,000 

200 

100 

80,000 

22I 

45 

4.S00 

300 

TOO 

120,000 

33i 

30 

3.000 

COLUMBIA.  TYPE  C-3  WATT-HOUR  METERS 

100  Volts,  Polyphase 


2h 

10 

1,000 

A           I 

360 

36,000 

5 

10 

2,000 

«            1 

180 

18,000 

10 

10 

4,000 

i^            1 

[             90 

9,000 

•     15 

10 

6,000 

t3             1 

[             60 

6,000 

25 

10 

10,000 

2}             1 

i             36 

3.600 

50 

100 

20,000 

54            1 

[           180 

18,000 

75 

100 

30,000 

Sh             1 

[           120 

12,000 

100 

100 

40,000 

Hi             : 

t             90 

9.000 

150 

100 

60,000 

i6§             ] 

[             60 

6,000 

CONSTANTS  AND    TEST  FORMULAS 
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COLUMBIA   TYPE    C-3    WATT-HOUR    METERS 

(Continued) 

200  Volts,  Polyphase 


Capacity 

in 
Amperes 

Nuinericai 
Value  ol  X 
Revolution 
of  i8t  Dial 
Hand 

Tett 

Conitant 

(Kt) 

(Watt-eeoonds) 

Watt-hour 
Conitant 
(Kh) 

Numerical 
Value  of 
Register 
Conitant    . 

Register 

Ratio 

(Rr) 

Gear 

Ratio 

(Rg) 

2i 

ID 

2,000 

i 

180 

18,000 

5 

10 

4,000 

li 

90 

9,000 

ID 

10 

8,000 

2j 

45 

4»5oo 

15 

10 

12,000 

34 

30 

3,000 

25 

100 

20,000 

S» 

180 

• 

18,000 

50 

100 

40,000 

1 1* 

90 

9,000 

75 

100 

60,000 

i63 

60 

6,000 

100 

100 

80,000 

22} 

45 

4,500 

150 

100 

120,000 

33h 

30 

3,000 

500  Volts,  Polyphase 


3 

10 

6,000 

5 

10 

10,000 

10 

100 

20,000 

15 

100 

30,000 

25 

100 

50,000 

50 

100 

100,000 

75 

100 

150,000 

TOO 

1,000 

200,000 

150 

1,000 

300,000 

li         ] 

60 

6,000 

2l                   1 

[               36 

3,600 

54              ^ 

[              180 

18,000 

Sh             1 

[              120 

12,000 

I3I          J 

[               72 

7,200 

274          '• 

I               36 

3,600 

4i9              1 

[               24 

2,400 

55» 

[             180 

18,000 

834             1 

I              120 

12,000 
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(a)  The  watt-hour  constant,  standard  symbol  Kj,,  is  the  value  of 
the  electrical  energy  expressed  in  watt-hours  required  to  be  passed 
through  the  meter  in  order  to  cause  the  moving  element  to  make  one 
revolution. 

The  watt-hour  constant  has  a  definite  value  for  each  type  and  capacity 
of  watt-hour  meter,  and  is  found  by  substituting  the  value  of  the  test 
constant  of  the  watt-hour  meter  in  the  following  formulas. 

The  value  of  the  test  constant  is  in  most  cases  marked  on  the  watt- 
hour  meter  and  should  in  all  cases  where  possible  be  obtained  from  it, 
thus  obviating  the  necessity  of  referring  to  a  printed  table. 

Formulas  for  finding  the  watt-hour  constant  of  various  makes  of 
watt-hour  meters  are  given  below: 

General  Electric  Company: 

Watt-hour  constant  ^  Test  constant. 

Westinghouse  Electric  &  Manufacturing  Company: 

Test  constant 
Watt-hour  constant  = VK^ •    (For  all  Types  except  CW-6.) 

Watt-hour  constant  =  Test   constant.     (For  Type  CW-6.) 

Fort  Wayne  Electric  Works: 

For  Type  K  watt-hour  meters 

Test  constant 
Watt-hour  constant  = -7 

For  Types  Ki,   K2,  K3  and  K4  watt-hour  meters 
Watt-hour  constant  =  Test  constant. 

Sangamo  Electric  Company: 

Test  constant 
Watt-hour  constant  = — TSio 

Duncan  Electric  Manufacturing  Company: 
Watt-hour  constant  =  Test  constant. 

Columbia  Electric  Company: 

Test  constant 
Watt-hour  constant^ 76oo 

The  following  example  will  illustrate  the  use  of  the  above  formulas: 
Example:    Required  to  find  the  watt-hour  constant  of  a  Westinghouse 

Type  B,  two-wire,  5  ampere,  100  volt,  single-phase  meter. 
Solution:    Referring  to  the  table  of  test  constants  of  Westinghouse 

Type  B,  single-phase  watt-hour  meters,  we  find  for  a  lOO  volt,  two-wire, 

5  ampere  meter 

Test  constant  =  1,200  watt- seconds. 
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Referring  to  the  formulas  for  finding  the  watt-hour  constant  when  the 
test  constant  is  known,  we  find  for  Westinghouse  watt-hour  meters 

Test  constant 

Watt-hour  constant  = 7^— 

3.000. 

Substituting   the  value  of  the  test  constant    (1,200)    in   this   formula, 

we  have 

1,200      ,  , 

Watt-hour  constant  =  T^^"  *  watt-hours 

Therefore  the  watt-hour  constant  of  the  given  watt-hour  meter  is  i 
watt-hours. 

(3)  The  watt-second  constant,  standard  symbol  K,,  is  the  value  of 

the  electrical  energy  expressed  in  watt-seconds  required  to  be  passed 
through  the  meter  in  order  to  cause  the  moving  element  to  make  one 
revolution. 

The  watt-second  constant  is  equal  to  the  watt-hour  constant  multi- 
plied by  3,600,  the  number  of  seconds  in  one  hour. 

It  can  be  found  for  any  particular  watt-hour  meter  by  substituting  the 
value  of  the  test  constant  in  the  following  formulas: 

Formulas  for  finding  the  watt-second  constants  of  various  makes  of 
meters  are  given  below: 

General  Electric  Company: 

Watt- second   constant  =  3,600  X  test  constant. 

Westinghouse  Electric  and  Manufacturing  Company: 

Watt-second   constant  ^  Test   constant.       (For  all   Types   ex- 
cept CW-6.) 

Watt-second    constant  =  3,600  X  Test    constant.      (For    Type 
CW-6.) 

Fort  Wayne  Electric  Works: 

For  Type  K  watt-hour  meters 

Watt-second  constant  =  100  X  test  constant. 

For  Types  Ki,  K2,  K3  and  K4  watt-hour  meters 
Watt-second  constant  =  3,600  X  test  constant. 

Sangamo  Electric  Company: 

Watt-second  constant  =  Test  constant. 

Duncan  Electric  Manufacturing  Company: 

Watt-second  constant  =  3,600  X  test  constant. 

Columbia  Electric  Company: 

Watt-second  constant  =  Test  co^istant. 
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The  following  example  will  illustrate  the  use  of  the  above  formulas: 
Example:    Required  to  find  the  watt-second  constant  of  a  Sang^mo 
Type  H,   lo  ampere,   no  volt,  two-wire,   single-phase,  watt-hour  meter 
Solution:    Referring  to  the  table  of  test  constants  for  Sangamo  Type 
H  watt-hour  meters,  we  find  for  a  no  volt,  two-wire,  lo  ampere  watt- 
hour  meter 

Test  constant  =  1,500  watt-seconds. 

Referring  to  the  formula  for  finding  the  watt-second  constant  of  a 
Sangamo  watt-hour  meter,  when  the  test  constant  is  given,  we  find 

Watt-second  constant  =  Test  constant. 

Therefore,  the  watt-second  constant  of  the  given  meter  is  1,500  watt- 
seconds. 

(4)  The  register  constant,  standard  symbol  K,,  is  the  factor  used 
in  conjunction  with  the  register  reading  in  order  to  ascertain  the 
total  amount  of  electrical  energy,  in  the  desired  unit  that  has  passed 
through  the  meter. 

In  order  to  eliminate  any  chance  of  error,  the  method  of  obtaining  the 
registration  of  a  meter  should  be  as  simple  as  possible. 

Since  the  registration  is  obtained  by  taking  the  product  of  the  register 
reading  and  the  register  constant,  it  is  obvious  that  the  numerical  values 
of  these  quantities  should  be  such  that  would  make  the  operation  of  ob- 
taining their  product  a  simple  one. 

Since  the  operation  of  multiplication  occurs  in  its  most  simple  form, 
when  one  of  the  factors  is  unity,  it  is  therefore  desirable  that  the  numer- 
ical value  of  the  register  constant  be  unity  throughout  as  wide  a  range 
of  meter  capacity  as  possible. 

Experience  in  designing  watt-hour  meters  has  demonstrated  that  in 
order  to  minimize  the  wear  on  the  jewel  and  other  parts  of  the  meter 
and  thereby  promote  the  life  of  those  parts,  the  speed  of  the  moving  ele- 
ment should  not  be  more  than  50  revolutions  per  minute.  For  this  rea- 
son, the  moving  elements  of  all  capacities  of  meters  of  a  given  type  are 
caused  to  revolve  at  practically  the  same  full  load  speed,  and  therefore 
the  watt-hour  constants  necessarily  increase  as  the  capacity. 

The  quantities  which  enter  into  the  formula  for  finding  the  register 
constant  of  a  meter  are  the  watt-hour  constant,  the  gear  ratio  and  the 
numerical  value  of  one  revolution  of  the  first  dial  hand. 

Since  the  value  of  the  watt-hour  constant  varies  as  the  capacity,  it  is 
therefore  governed  by  the  capacity  of  the  meter,  hence  the  gear  ratio  and 
the  numerical  value  of  one  revolution  of  the  first  dial  hand  are  the  only 
remaining   quantities   which   can   be   varied   in   order   that   the   numerical 
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value  of  the  register  constant  may  be  kept  the  same  for  meters  of  differ* 
ent  capacities. 

In  the  design  and  construction  of  the  registering  mechanisms  of  meters 
the  manufacturers  have  kept  the  numerical  value  of  the  register  constant 
unity  for  meters  of  ordinary  capacity,  by  assigning  the  proper  values  to 
the  divisions  of  the  dials  and  giving  the  gear  ratios  such  values  that  are 
consistent  with  efficient  mechanical  operation. 

For  high  capacity  meters,  the  values  necessary  to  be  assigned  to  the 
divisions  of  the  dials  became  too  large  and  those  to  the  gear  ratios  too 
small,  in  order  that  the  numerical  value  of  the  register  constant  be  unity; 
for  such  meters  the  numerical  value  of  the  register  constant  is  increased 
to  10,  100  or  1,000,  as  may  be  necessary. 

The  relation  between  the  register  constant,  watt-hour  constant,  gear 
ratio  and  the  numerical  value  of  one  revolution  of  the  first  dial  hand  is 
given  by  the  following  formulas. 

To  find  the  register  constant  of  a  watt-hour  meter  when  it  is  de- 
sired that  the  registration  be  expressed  in  kilowatt-hours,  use  the  follow- 
ing formula: 

Watt-hour  constant  X  gear  ratio 

Register  constant  = — — r; 

1,000  X    N 

in  which 

N  =  the  numerical  value  of  one  revolution  of  the  first  dial  hand. 

To  find  the  register  constant  of  a  watt-hour  meter  when  it  is  desired 
that  the  registration  be  expressed  in  watt-hours,  use  the  following  for- 
mula: 

Watt-hour  constant  X  gear  ratio 
Register  constant  = — 

in  which 

N'  =  the  numerical  value  of  one  revolution  of  the  first  dial  hand. 

In  Thomson  (General  Electric)  Type  M,  Form  J-2  and  D-2  meters,  the 
number  marked  on  the  meter  is  not  the  register  ratio  but  a  fraction 
of  a  revolution  of  the  first  dial  hand  for  ten  revolutions  of  the  worm- 
wheel.    For  these  meters. 

Watt-hour  constant  X  1,000 


Register   constant  =: 


Number  marked  on  meter  X  N' 


An  explanation  of  the  methods  employed  in  deducing  the  formu- 
las for  finding  register  constants  follows: 
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Consider  as  an  example  a  meter  whose  registration  is  desired  in  kilo- 
watt-hours. 

Let  N  =  the  numerical  value  of  one  revolution  of  the  first  dial  hand, 

then 

(i)   Registration  in  kilowatt-hours  correspond-) 

ing  to  I  revolution  of  the  first  dial  hand     f-^  ^  register  constant. 

The  amount  of  electrical  energy,  expressed  in  kilowatt-hours  required 
to  be  passed  through  the  meter  in  order  to  cause  the  hand  of  the  first 
dial  to  make  one  revolution,  is  expressed  by  the  formula: 

Kilowatt-hours  through  meter-l      Watt-hour  constant  X  gear  ratio 

(2)    required  to  cause  hand  of  first  >= 

dial  to  make  one  revolution  1,000 

The  meter  being  correct,  the  registration  for  a  given  period  of 
time  will  correspond  to  the  amount  of  electrical  energy  that  has 
passed  through  the  meter  during  that  period. 

Therefore : 

The  first  member  of  equation  (No.  i)  is  equal  to  the  last  member  of 
equation   (No.   2),  or 

Registration     in     kilowatt-hours 


(3)     corresponding    to     I    revolution  >=• 


\ 


Watt-houf  constant  X  gear  ratio 


of  the  first  dial  hand  J  i»«>o 

Since  the  first  members  of  equations  (No.  i)  and  (No.  3)  are  identical, 
the  last  members  of  these  equations  are  equal,  and 

Watt-hour    constant  X  gear    ratio 

(4)  N  X  register    constant  = 

1,000 

Therefore,  for  a  meter  whose  registration  is  desired  in  kilowatt-hours 

Watt-hour  constant  X  gear  ratio 

(5)  Register  constant^ — -— 

1,000  X  N 

If  it  is  desired  to  find  the  register  constant  of  a  meter  whose  registra- 
tion is  to  be  expressed  in  watt-hours,  the   factor  1,000  is  not  used  and     ' 
formula   (No.  5)    becomes 

Watt-hour  constant  X  gear  ratio 

(6)  Register  constant^ — 

N 

in  which 

N'  =  thc  numerical  value  of  one  revolution  of  the  first  dial  hand. 
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In  Thomson  (General  Electric)  Type  M,  Form  J-2  and  D-2  meters, 
the  number  marked  on  the  meter  is  not  the  register  ratio,  but  a  fraction 
of  a  revolution  of  the  first  dial  hand  for  ten  revolutions  of  the  worm- 
wheel. 

For  these  meters, 

1,000 
(7)  Gear  ratio  =  Number  marked  on  meter 

Substituting  in  formula  (No.  6)  for  gear  ratio,  its  equivalent  as  given 
by  formula  (No.  7), 

Watt-hour  constant  X  1,000 

(  8)  Register  constant  =  - — — — — -, 

Number  marked  on  meter  X  N 

In  order  to  demonstrate  the  application  of  the  formulas  for  finding 
the  register  constant  of  a  meter  the  following  examples  are  given: 
Required  to  find  the  register  constants  of  the  following  meters : 

(i)     Westinghouse,  Type  OA,  5  ampere,  two- wire,  100  volt,  single-phase 
meter,  the  registration  to  be  expressed  in  kilowatt-hours. 

Solution  :  For  this  make,  type  and  size  of  meter  we  find  from  the 
Westinghouse  table. 

Watt-hour  constant  =  i  watt-hours. 
Gear  ratio  =30,000 

Value  of  N  =10 

By  formula  (No.  5) 

I  X  30,000 

Register  constant  = — =  i   kilowatt-hour. 

1,000  X  10 

.  (2)  Thomson  (General  Electric)  Type  M,  Form  J-2,  50  ampere,  two- 
wire,  no  volt  meter,  the  registration  to  be  expressed  in  watt-hours. 

From  the  Thomson  (General  Electric)  tables,  we  find  for  this  type, 
form,  size  and  style  of  meter. 

Watt-hour  constant  =  2  watt-hours. 
Number  marked  on  meter  ^0.2 
Value  of  N'=  1,000 

By  formula   (No.  8) 

2  X  1,000 

.    Register  constant  = =  10  watt-hours. 

n^  X  i.ooo 
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The  register  ratio,  standard  symbol  R,,  is  the  number  of  revolQ- 
tions  required  to  be  made  by  the  wheel  meshing  with  the  worm  or 
pinion  on  the  moving  element  shaft  to  cause  the  first  dial  hand  to  make 
one  revolution. 

Several  manufacturers  mark  the  value  of  the  register  ratio  on  their 
meters.  The  following  table  shows  on  what  part  of  the  various  makes 
of  watt-hour  meters  it  can  be  found 

Make  of  Meter  Location  of  Register  Ratio  on  Meier 

.  General  Electric  On  back  plate  of  regbter. 

Westinghouse  Marked  oA  Type  OA  watt-hour  meters 

only.  On  the  back  plate  of  the  regis- 
ter. 

Fort  Wayne  Not  marked  on  meters  of  earlier  types. 

Marked  on  the  back  plate  of  the  regis- 
ter of  later  type  meters. 

Sangamo  Not  marked  on  meter. 

Found  by  multiplying  the  number 
marked  on  the  back  plate  of  the  regis- 
ter by  200  for  Tjrpe  H  watt-hour 
meters  and  by  lOO  for  Types  D  and  F 
watt-hour  meters. 

Duncan  Not  marked  on  meter. 

Columbia  On  the  back  of  the  register. 

The  gear  ratio,  standard  symbol  R^,  is  the  number  of  revolutions  re- 
quired to  be  made  by  the  moving  element  to  cause  the  first  dial  hand  to 
make  one  revolution. 

If  the  register  ratio  of  a  meter  is  known,  the  gear  ratio  can  be  found 
by  multiplying  the  register  ratio  by  the  ratio  of  the  reduction  from  the 
moving  element  shaft  to  the  gear  meshing  with  it. 

For  meters  having  a  single  pitch  worm  on  the  watt-hour  meter  shaft 
meshing  with  a  worm-wheel  of  loo  teeth,  the  formula  is 

Gear  ratio  =  Register  ratio  X  loo. 

For  watt-hour  meters  in  which  a  pinion  is  used  on  the  meter  shaft, 
meshing  with  a  wheel  of  the  register,  the  formula  is 

Number  of  teeth  in  gear 


Gear  ratio  =  Register  ratio  X 


Number  of  teeth  in  pinion 


In  the  General  Electric  Type  M,  Form  J-2  and  D-2  meters  the  worm- 
ed has  100  teeth,  and  instead  of  the  number  that  is  marked  on  the 
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meter  being  the  register  ratio  (as  defined  by  definition)  it  is  the  fraction 
of  a  revolution  of  the  first  dial  hand  for  10  revolutions  of  the  worm- 
wheel. 

For  those  meters 

1,000 


Gear  ratio  = 


Number  marked  on  meter 


The  gear  ratio  can  be  found  by  substituting  the  value  of  the  register 
ratio  in  the  following  formulas: 

General  Electric  G>mpany: 

Gear  ratio  =  100  X  register  ratio. 

Westinghouse  Electric  and  Manufacturing  Company: 

For  Round  Type  and  Type  A  watt-hour  meters, 

Gear  ratio  =  10  X  register  ratio. 

For  Types  B,   B  prepayment,   C   single-phase  watt-hour  meters,   and 
Tsrpe  DC  (plain  meters)  continuous  current  watt-hour  meters, 

Gear  Ratio  =  6%  X  Register  Ratio. 

For  Type  C  polyphase  watt-hour  meters,  and  Type  DC  (Sub  A.  meters) 
continuous  current  watt-hour  meters, 

Gear  Ratio  =  5  X  Register  Ratio. 
For  Type  O A  watt-hour  meters, 

Gear  Ratio  =  12%  X  Register  Ratio. 
For  Type  CW-6  continuous  current  watt-hour  meters, 

Gear  Ratio  =  100  X  Register  Ratio. 

Fort  Wayne  Electric  Works: 

Gear   ratio  =  100  X  register   ratio. 

Sangamo  Electric  Company: 
For  Types  D  and  F  watt-hour  meters 

Gear  ratio  =  5,000  X  number  on  back  of  register. 
For  Type  H  watt-hour  meters 

Gear  ratio  =  10,000  X  number  on  back  of  register. 

Duncan  Electric  Manufacturing  Company: 

Gear  ratio  =  100  X  register  ratio. 

Columbia  Electric  Company: 

Gear   ratio  =  lOO  X  register   ratio. 
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DESCRIPTIVE   DATA  ON  VARIOUS   TYPES   OF 

WATT-HOUR   METERS 

THE  DESCRIPTIVE  MATERIAL  AND  DATA  IN  THIS  CHAPTER  HAVE  BEEN 
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OF  THE  COMMITTEE  ON  METERS 


CHAPTER   XVI 
Descriptive  Data  on  Various  Types  of  Watt-hour  Meters 

THOMSON    (GENERAL   ELECTRIC)    CONTINUOUS 
CURRENT   WATT-HOUR   METERS 

The  Thomson  (General  Electric)  continuous  current,  watt-hour 
meter  in  its  simplest  form  embodies  three  necessary  elements, 
namely,  a  motor  causing  rotation,  a  generator  providing  the  neces- 
sary load  or  drag,  and  a  registering  device,  the  function  of  which  is 
to  integrate  the  instantaneous  Values  of  the  electrical  energy  passing 
in  the  system  to  be  measured,  as  explained  in  Chapter  III.     (Fig.  404.) 

The  first  "  Thomson  Recording  Wattmeters "  were  designated  as  the 
Form  J,  the  Form  F,  and  the  Form  D. 

The  Form  F  meter  was  replaced  by  the  Form  D,  so  as  to  make  all 
capacities  from  25  to  600  amperes  of  the  same  dimensions. 

Forms  J-i  and  D-i  meters  were  dust-proof  and  supplied  with  an  ad- 
justable shunt  field  coil,  thus  providing  for  necessary  light-load  adjust- 
ment at  the  time  and  place  of  installation. 

Still  later  modifications  resulted  in  discarding  the  old  form  of  non- 
direct  reading  register  requiring  the  use  of  register  constants  other  than 
unity,  and  in  the  substitution  of  a  direct  reading  register. 

The  holder  for  the  adjustable  shunt  coil  was  simplified  so  that  it 
could  be  used  on  meters  of  from  3  to  600  amperes  capacity. 

The  electrical  qualities  were  improved  and  with  these  new  features 
added,   the  meters  became  known   as  the   Forms  J-2  and   D-2.     (Figs. 

405  to  407) 

For  measuring  the  total  output  on  continuous  current  switchboards, 
meters  were  designed  ranging  in  capacity  from  800  to  10,000  amperes. 
These  are  provided  with  two  adjustable  shunt  field  coils. 

Form  G-2  meters  were  those  of  high  capacity,  switchboard  type,  and 
were  superseded  by  Form  GG-4  (Fig.  408). 

A  word  of  explanation  may  not  be  amiss  in  regard  to  the  signifi- 
cance of  form  letters  used  in  connection  with  Thomson  recording 
wattmeters  prior  to  1904. 
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Fic.  40;, — Thomici 


Pig.  406.— Aonotsled  Mew  of  Tboiiuaa  Recordinc,  Porm  J-i,  Wntt-liDur  Mct« 
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J — Standard  meter  for  currents  of  3  to  15  amperes  inclusive, 

low  efficiency. 
D — Standard  meter  for  currents  of  15  to  600  amperes  inclusive, 

low  efficiency. 
F— Old  form  superseded  by  "  D." 
E — Meter  with  extended  base  for  cage  resistance. 
EE — Meter  with  extended  base  for  resistance  (1,200  amperes  only). 
E  and  EE — were  superseded  by  the  "  D  "  forms. 
N — Used  with  other  letters  to  indicate  high  efficiency  meters. 
(G) — Used  to  indicate  high  capacity  meter. 

(C4) — Thomson  single-phase  service  type  induction  meter,  direct- 
reading  register.    Superseded  by  high  torque,  and  now  ob- 
solete (Fig.  409). 
Form  J-2  meters  are  those  of  small  capacity,  ranging  from  3  to   15 
amperes,   front  connected  and  3  to   10  amperes,  back  connected    (Figs. 
410  and  411). 

Form  D-2  includes  meters  of  larger  capacity  than  those  mentioned; 
up  to  and  including  1,200  amperes. 

In  quality  and  construction  Forms  J-2  and  D-2  are  identical,  differ- 
ing only  in  general  dimensions,  and  in  the  fact  that  J-2  meters  have 
2  magnets  and  D-2  meters  have  3  magnets. 

The  standard  finish  of  the  "  Thomson  Recording  Wattmeters  "  for 
secondary  circuits,  up  to  and  including  600  amperes  capacity,  is  a 
sheet  metal  cover,  finished  in  black  japan,  with  no  glass  except  in 
front  of  dials.  Special  finish  and  glass  covers  were  furnished  when 
desired. 

The  registers  on  all  Thomson  watt-hour  meters  manufactured 
previous  to  Forms  J-2  and  D-2,  high  torque  and  polyphase  meter, 
manufactured  previous  to  serial  number  475,602,  were  equipped  with 
non-direct  reading  registers,  i.  e.,  the  register  readings  have  to  be  multi- 
plied by  a  register  constant  marked  on  the  dial  face  in  order  to  obtain 
the  correct  number  of  watt-hours  registered   (Fig.  413). 

With  the  use  of  the  direct  reading  registers,  meters  are  direct  reading, 
or  require  only  the  use  of  constant  10.  or  a  multiple  of  it  (Fig.  414). 

The  full  load  adjustment  of  speed  is  obtained  by  moving  the  drag 
magnets  in  such  a  way  as  to  vary  the  radius  at  which  the  retarding 
fbrce  acts  upon  the  metal  disk,  rotated  between  their  poles  by  the 
meter  armature. 

These  watt-hour  meters  are  provided  with  an  adjustable  light  load 
compensation,  by  means  of  which  the  light  load  accuracy  may  be 
corrected  without  materially  affecting  the  operation  of  the  meter  at 
any  other  load.     * 
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Under  no  circumstances  should  the  light  load  accuracy  of  a  c 
tating  watt-hour  meter  be  controlled  by  altering  the  friction  compo- 


nent of  the  brushes  and  commutator,  as  the  brush  adjustment  once 
made  for  a  certain  location  should  not  be  altered. 

After  the  watt-hour  meter  has  been  in  service  for  a  couple  of  months 
it  will  show  a  tendency  lo  run  slow  on  light  loads,  due  to  the  tarnished 
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condition  of  the  commutator.  It  should  thei)  be  corrected,  not  by  clean- 
ing the  commutator  or  brushes,  which  are  now  in  their  normal  and  con- 
stant 'condition,  but  by  moving  the  adjustable  shunt  nearer  the  a 


Piu.  41J.— Ttiomion  Recording,  Street-Car  Type  WaH-hourMelei. 

AftiT  this  correction,   further   deterioration  at   the  commutator  is   hot   to 
be  anticipated. 

A  distinction  must  be  made  between  a  tarnished  commutator,  which  is 
constant  and  does  not  spark,  and  a  rough  commutator  which  has  been 
caused  by  sparking  and  which  continues  to  spark  and  is  not  in  a  con- 
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Slant  cotidilion.  The  former  is  constant  and  should  not  be  altered;  the 
latter  should  be  smoothed  up  by  tape  but  not  brightened,  and  the 
brushes  readjusted  to  give  sparkless  operation,  after  which  the  neces- 
sity of  further  change  is  extremely  improbable. 

To  place  adjustable  shunt  field  coils  in  older  type  Thomson  watt- 
hour  meters  with  stationary  shunt  field  coils,  remove  (he  stationary 
coil  and  disconnect  it  from  the  circuit.  In  this  operation  care  must 
be  taken  not  to  injure  the  insulation  of  either  the  field  winding  or 
the  armature.  Remove  the  resistance  enclosed  in  an  envelope  inside 
of  the  meter  or  mounted  in  a  resistance  box.  The  resistance  is 
wound  in  sections  of  iron  and  German  silver  wire  or  is  composed 
entirely  of  copper.  Part  of  this  wire  is  to  be  removed.  The  iron 
wire  may  be  detected  by  the  use  of  a  magnet  passed  over  the  coils. 
Remove   all   of  the   German   silver   wire   from   the  resistance   card. 


Pig.  413. — Non-direct  Reading  Register.  Pic.  414 — Direct  fi 

place  the  card  in  its  new  envelope,  first  completing  the  ( 
of  the  reduced  resistance  to  its  two  terminal  wires  and  reinsert  the 
;  card  into  the  meter,  but  do  not  seal  the  envelope.  It  the 
wound  on  tubes,  they  should  be  taken  from  the  box 
and  a  part  of  the  wire  removed,  after  which  the  connections  must  be 
made  as  noted  above. 

After  connections  have  been  made,  the  watt-hour  meter  should  be 
tested  to  prove  the  accuracy  of  the  work.  If  improperly  connected,  the 
meter  will  run  slower,  on  light  loads  when  the  coil  is  in  place,  instead 
of  faster.     A  reversal   of  the  leads  will   correct   the  error. 

The  watt-hour  meter  should  now  be  tested  on  full  load.  If  it  runs 
within  5  per  cent  of  normal  with  the  magnets  in  their  original  position, 
sufficient  wire  has  been  removed.  If  the  meter  runs  more  than  5  per  cent 
slow,  remove  still  more  of  the  wire  from  the  resistance.  The  whole 
purpose  is  to  bring  the  total  resistance  of  the  armature  circuit  to  ap- 
proximately its  original  value.    Having  done  this,  make  the  electrical 
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connections  permanent,  and  if  an  internal  resistance,  seal  the  envelope. 
Great  care  must  be  exercised  to  make  good  electrical  joints  in  the  con- 
nections.   Only  resin,  dissolved  in  alcohol,  should  be  used  in  soldering. 

Commutator  type  watt-hour  meters  which  have  a  tendency  to  creep 
may  be  corrected  by  fastening  a  small  U-shaped  piece  of  iron  on  the 
edge  of  the  disk  of  the  moving  element  (Chapter  VII,  page  393). 
This  will  exert  a  momentary  restraining  force  when  it  is  opposite  one 
of  the  magnets  and  is  sufBcient  to  prevent  creeping  on  potential 
alone.  Such  a  device  is  readily  constructed  by  closing  a  small  piece 
of  approximately  0.035  inch  (diameter)  iron  wire  on  itself  and  slip- 
ping it  over  the  edge  of  the  disk. 

Adjustment  of  the  effect  may  be  made  by  sliding  the  wire  to  and 
from  the  edge  of  the  disk,  thus  approaching,  or  receding  from,  the 
magnet  pole.  The  U-shaped  iron  should  be  as  near  the  edge  of  the 
disk  as  possible,  consistent  with  no  rotation  on  potential  alone. 

The  adjustment  of  the  U-shaped  iron  should  be  made  with  great  care, 
as  a  sluggish  action  of  the  disk  will  lower  the  accuracy  of  the  watt-hour 
meter  on  light  loads.  After  making  a  sensitive  adjustment  sufficient 
to  prevent  creeping,  the  watt-hour  meter  can  be  adjusted  for  light  load 
accuracy  by  moving  the  adjustable  shunt.  Many  methods  used  hereto- 
fore to  prevent  creeping  have  affected  the  light  load  accuracy,  but  by  the 
use  of  the  U-shaped  iron,  as  described  above,  this  feature  is  entirely 
eliminated. 

The  U-shaped  iron  must  never  be  used  on  watt-hour  meters  of  the  in- 
duction type,  owing  to  the  fact  that  it  would  give  trouble  at  the  light 
load  adjustment. 

Commutators  and  brushes  when  shipped  from  the  factory  are  un- 
tarnished and  carefully  adjusted.  The  first  care  should  be  to  inspect 
the  adjustment  of  the  brushes  to  see  that  it  is  not  altered  in  trans- 
portation. The  brushes  should  rest  evenly  and  uniformly  on  the 
commutator  and  both  iingers  have  the  same  tension.  If  this  tension 
is  too  light,  sparking  is  liable  to  occur,  particularly  if  the  watt-hour 
meter  is  installed  in  a  location  subject  to  considerable  vibration;  if 
too  heavy,  it  introduces  excessive  friction  errors  and  causes  undcr- 
registration  on  light  loads.  Either  extreme  condition  is  liable  to 
roughen  up  the  commutator  and  should  be  avoided. 

The  tension  may  be  estimated  by  carefully  pressing  back  the  brush 
about  three-eighths  inch  from  the  commutator  and,  when  released, 
noting  that   it  does  not  rebound  after  striking. 

Another  method  is  to  press  back  one-half  of  the  brush  and  note  that 
the  second  half  leaves  the  commutator  when  the  first  has  traveled  about 
nne-eighth  inch. 
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The  brush  tension  should  be  made  suitable  for  the  point  of  installa- 
tion and  not  changed.  The  light  load  accuracy  should  not  be  obtained 
by  means  of  brush  adjustment  but  by  following  instructions,  given 
above,  covering  light  load  adjustments. 

No  lubricant  of  any  kind  should  be  used  on  the  commutator,  as  it  is 
liable  to  get  between  the  segments  and  cause  variable  speed  and  un- 
satisfactory operation. 

"  Thomson  Recording  Wattmeters "  of  the  commutator  type  in 
capacities  less  than  50  kilowatts  are  furnished  with  sapphire  jewels, 
and  those  of  larger  capacity  with  diamond  jewels  in  place  of  sap- 
phire jewels. 

Pivots  are  made  of  steel  piano  wire,  which  is  drawn  under  enor- 
mous pressure.  These  wires  are  hardened  glass  hard  and  highly  pol- 
ished; still,  when  they  have  been  operating  for  any  length  of  time 
upon  a  broken,  or  rough,  jewel,  this  highly  polished  surface  is 
broken,  probably  charged  with  small  particles  of  sapphire  or  dia- 
mond, and  the  pivot  becomes  a  cutting  tool.  For  this  reason,  a  n.ew 
pivot  should  always  be  inserted  when  the  jewel  has  been  replaced. 

Before  inserting  the  new  jewel  it  is  well  to  place  a  small  drop  of  fine 
watch  oil  in  the  cup. 

When  inserting  a  new  jewel,  it  may  be  found  necessary  to  raise,  or 
lower,  the  moving  element  of  the  meter.  To  do  this,  insert  the  jewel 
screw  and  turn  until  it  clamps  tightly  against  the  bushing.  Loosen  the 
hexagonal  brass  check-nut  under  the  watt-hour  meter  disk.  The  desired 
adjustment  can  then  be  made  by  turning  the  jewel  screw  up  or  down, 
the  bushing  referred  to  moving  with  it.  When  the  proper  point  has  been 
reached,  the  check-nut  must  be  carefully  tightened.  On  some  types  of 
these  meters  the  check-nut  is  located  beneath  the  meter  base,  as  shown 
in  Fig.  415. 

To  insert  a  new  pivot,  loosen  the  jewel  screw  until  the  disk  rests  upon 
the  magnets  where  it  should  be  firmly  wedged.  Then  remove  the  jewel 
screw  entirely  from  the  rfieter.and  insert  the  pivot  wrench  in  its  place. 
Press  firmly,  thus  clamping  the  pivot  in  the  end  of  the  wrench  and 
unscrew.  Replace  the  pivot  by  a  new  one  and  screw  into  the  shaft. 
Remove  the  wedges  from  the  disk  and  insert  the  jewel  screw. 

Care  must  be  exercised  in  this  operation  that  the  adjustment  of  the 
brushes  of  the  watt-hour  meter  is  not  altered  and  that  neither  the  shaft 
nor  disk  is  sprung. 

To  obain  the  best  jewel  life  it  necessitates  construction  having  a  spring 
strength  suitable  to  the  weight  under  which  it  is  to  operate.  Owing  to 
the  decrease  in  the  weight  of  the  moving  element  of  the  later  forms  of  M 


734 


ELECTRICAL  METERMAN'S   HANDBOOK 


from  that  used  in  meters  having  copper  disks  should  be  inserted.  As 
the  weight  of  the  moving  element  varies  in  the  ditlerent  lypps  of  meters, 
jewels  are  furnished  for  each  type.  There  are  four  classes  of  jewels 
for  use  with  the  following  watt-hoiir  meters. 

"Single"    disk   aluminum,    "Single"    disk   copper,   "Double"    disk 
aluminum  and  "Double"  disk  copper.    .\ll  sapphire  jewels,  with  the 


— Cross  Si 


I  uf  B 


jf  Thomson  RccordirB  WatI 


r  Met' 


exception  of  a  Catalog  No.  6704.  are  mounted  in  fillister  head  screws, 
the  diamond  jewels  having  hexagonal  heads.  Jewels  of  different 
spring   strengths  are  classified   by   finishes   as   given   below: 

For  meters  with  "  Single  "  aluminum  disk Nickel 

"         "'  "  "  copper  " Brass 

Double  "  aluminum     " Oxide 

"  "'  "'  "  copper  " Copper 

Armatures  for  Thomson   watt-hour  meters  of  these  types   from  3 
to  1,300  amperes  capacity  are  wound  on  one  standard  size  of  core. 

To  place  a  new  .armature  in  a  meter,  it  is  necessary  to  r 
brush  at  the  bracket,  the  field  coils  and  the  magnets;  also  t 
the  disk  from  the  shaft.  The  armature  is  held  in  place  by  set  screws 
inside  of  the  winding.  These  may  be  loosened  by  inserting  a  small 
screw  driver. 

The  ends  of  Ihc  commutator  segments  must  be  cleaned  and  the  leads 
of  the  new  armature  carefully  soldered  in  place,  using  resin  dissolved 
^n  alcohol  as  flux. 
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Special  care  must  be  taken  that  none  of  the  solder. runs  down  between 
the  segments. 

After  soldering  in  place,  the  armature  should  be  allowed  to  hang  by  its 
•own  weight    (suspended   by   its  leads)    from   the  commutator.     The 
leads  will  then  be  straight,  or,  in  other  words,  parallel  with  the  meter 
shaft. 

If  the  armature  has  eight  coils,  it  will  be  found  that  every  alternate 
tooth  projecting  between  the  coils  is  exactly  opposite  the  space  between 
the  commutator  segments.  Choosing  one  of  these  alternate  teeth  and 
calling  it  No.  i,  count  to  the  right  six  teeth.  The  sixth  tooth  will  be 
found  to  be  exactly  opposite  a  commutator  segment.  Holding  the  shaft, 
the  armature  should  be  revolved  upon  it  until  tooth  No.  6  occupies 
the  previous  position  of  tooth  No.  i. 

If  the  armature  has  sixteen  coils,  it  will  be  noticed  that  every  alternate 
tooth  that  projects  between  the  coils  will  be  exactly  opposite  a  commu- 
tator segment.  Choosing  one  of  these  alternate  teeth  and  calling  it  No.  i, 
count  six  teeth  to  the  right  as  before.  The  sixth  tooth  will  be  found  to 
be  exactly  opposite  a  commutator  segment.  The  armature  must  then  be 
revolved  until  tooth  No.  6  occupies  the  previous  position  of  tooth 
No.  I,  thus  giving  the  armature  the  same  lead  as  before. 

A  few  general  notes  on  these  older  types  of  "  Thomson  Recording 
Wattmeters  "  will  now  be  given. 

Meters  equipped  with  direct  reading  registers  have  a  test  constant 
which  is  used  in  testing  only  and  must  not  be  used  in  calculating  con- 
sumers' bills. 

This  test  constant  will  be  found  marked  on  the  terminal  boards,  or 
watt-hour  meter  disk,  and  takes  into  consideration  the  reduction  in  the 
gear  train  to  the  dial  hand  of  first  dial  of  the  register. 

In  the  older  types  of  watt-hour  meter  which  were  not  equipped  with 
direct  reading  registers,  the  test  constant  and  that  marked  on  the  dial 
face — register  constant — were  identical. 

In  case  it  becomes  necessary  to  bring  the  leads  from  the  line,  or  gener- 
ator, to  the  right-hand  binding  post,  in  place  of  the  left-hand  binding 
post,  the  meter  will  run  in  reverse  direction.  This  may  be  corrected  by 
connecting  the  brush  resistance  lead  to  the  opposite  connection  clip 
and  reversing  the  position  of  the  shunt  field  leads.  To  reverse  these 
connections,  the  lead  connected  to  the  binding  post  should  be  at- 
tached to  the  remaining  brush  connection  clip,  and  the  lead  originally 
connected  to  the  brush  connection  clip  should  be  secured  to  the  bind- 
ing post. 

This  method  of  connection  should  always  be  followed  in  preference  to 
reversing  the  entire  potential  circuit  at  the  binding  post,  otherwise,  full 
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difference  of  potential  will  be  placed  between  the  field  and  adjustable 
shunt  coil. 

Oil  should  never  be  used  in  the  top  bearing  of  a  commutating  watt- 
hour  meter,  as  it  is  liable  to  run  down  and  get  between  the  commuta* 
tor  segments.  If  the  registering  mechanism  is  oiled  it  must  be  care- 
fully wiped  afterward,  so  that  no  oil  may  drop  from  it. 

The  following  instructions  for  installing  these  types  of  watt-hour 
meters  are  given  by  the  manufacturer. 

Screw  the  meter  to  a  solid  perpendicular  support,  inserting  the  screw 
through  the  upper  right-hand  hole,  then  one  through  the  diagonally  op- 
posite hole. 

Bring  the  meter  very  carefully  to  a  level,  using  a  small  spirit  level 
on  the  base  near  the  magnets.  Then  insert  screws  in  the  two  remaining 
holes  and  fasten  the  meter  firmly  to  the  wall. 

Connect  the  meter  in  circuit  according  to  the  diagram  of  its  class.  (See 
illustrations  and  notice  on  the  back  of  the  meter.) 

In  those  meters  which  have  no  rubber  diaphragm  to  close  the  holes 
around  the  wires  entering  the  meter,  it  is  desirable  to  fill  any  space 
around  these  wires  with  tissue  paper  or  some  other  substance  to  prevent 
the  entrance  of  dust,  being  extremely  careful  that  it  does  not  project  on 
the  inside  in  such  a  manner  as  to  touch  the  disk. 

If  the  jewel  is  removable,  insert  the  jewel  screw  in  the  base  of  the 
meter,  turning  it  in  to  the  full  length  of  the  screw. 

If  the  jewel  is  fixed,  remove  the  wedge  from  under  the  nut  beneath  the 
disk  which  raises  the  shaft  of  the  jewel  and  screw  the  nut  down  on  the 
lower  check  nut,  thus  gently  lowering  the  shaft  into  its  jeweled  bearing. 

Adjust  the  top  bearing  stud  until  the  end  of  the  stud  is  halfway  be- 
tween the  shoulder  and  the  end  of  the  shaft;  fix  at  this  point  by  means 
of  the  set  screw  provided  for  the  purpose. 

The  meter  may  now  be  started.  Never  allow  the  shaft  to  rest  on  the 
jewel  until  everything  else  is  ready  for  the  meter  to  be  started. 

The  meter  must  never  be  moved  with  the  shaft  resting  on  the  jeweL 

Be  cautious  about  changing  the  tension  of  the  brushes,  as  they  are 
carefully  adjusted  before  leaving  the  factory. 

A  slight  sparking  will  sometimes  be  noticed  at  the  commutator  when 
the  meter  is  first  started.  This  will  soon  disappear,  as  it  is  due  to  small 
particles  of  dust  which  have  collected  on  the  commutator  and  brushes  in 
shipment  and  which  will  soon  wear  off. 

Should  the  commutator  need  cleaning,  carefully  insert  a  piece  of  nar- 
row tape  between  it  and  the  brushes.  Draw  the  tape  gently  back  and 
forth,  at  the  same  lime  slowly  rotating  the  sliaft. 
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Be  careful  in  doing  this  not  to  spring  the  brushes  out  of  their  original 
position. 

See  that  the  disk  and  armature  move  freely,  and  that  no  dirt  collects 
on  the  magnets  in  such  a  way  as  to  touch  the  disk. 

Install  the  meter  in  a  dry  place  as  far  away  from  any  heavy  vibration 
as  possible. 

When  it  is  necessary  to  install  a  meter  near  a  railroad  or  in  any 
place  where  the  vibration  is  sufficient  to  cause  sparking  at  the  brushes, 
the  tension  of  the  brushes,  upon  the  commutator,  should  be  slightly  in- 
creased. This  will  do  away  with  the  sparking  and  ensure  greater  ac- 
curacy. 

In  case  of  severe  jar  it  is  of  advantage  to  place  a  number  of  soft 
rubber  washers  under  the  heads  of  the  screws  which  bind  the  meter  to 
the  wall  and  between  the  meter  and  the  wall  itself  at  each  screw. 

Testing  formulas  and  constants  for  these  meters  will  be  found  in 
Chapter  XV,  and  testing  methods  in  Chapter  VII. 

The  watts  recorded  by  the  meter,  i.  e.,  the  rate  at  which  the  meter  is 
recording,  can  be  found  by  the  formula : 

3600  X  Kh  X  R 
=  watts. 


R  =  Number  of  revolutions  of  meter  under  test. 

S=  Number  of  seconds  required  to  make  this  number  of  revolutions. 


Marked  on  dial 
plate  of  "  Non- 
Direct  "     read- 
Kjj  =  The  test,  or  watt-hour,  constant ^  i^^  meters  and 

on  meter  disk 
of  "Direct" 
reading  meters. 

3,600=  Number  of  seconds  in  an  hour. 

The  following  tables  give  detailed  data  relative  to  these  earlier 
types  of  "Thomson  Recording  Wattmeters."  Table  of  Constants 
will  be  found  in  Chapter  XV. 
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MATURE  DATA  FOR  FORMS  JJN,  J-i,  J-2,  FN,  D.  DN,D-i,D-2. 


Volts 

Amps. 

50;^55 

3 

5 

lO 

15 

15 

25 

50 

75 

100 

150 

200 

300 

450 

600 

55 

1200 

lOO-IIO 

3 

5 

5 

10 

15 

15 

25 

50 

75 

100 

150 

200 

300 

450 

600 

no 

1200 

200-220 

• 
3 

5 

10 

15 

15 

25 

50 

75 

100 

150 

200 

300 

450 

600 

220 

1200 

Ponn 


J.  J- 1.  J-2 


i( 
i< 
H 


D,  D-i,  D-2 


41 


It 
41 
It 
<l 
44 
II 
41 


JN,Jl,J-2 

J-I 

J-2 

J-I,J-2 

DN,  FN,  D-I,  D-2 

44 
44 
44 
4t 
44 
14 
41 
41 
II 
II 

JN.  J-I.  J-2 

14 
44 
14 

DN,FN,D-i,D.2 
44 

44 

44 
44 
44 
44 
44 
44 
II 
44 


No. 
CoUs 


8 


8 


16 


Turns 


260 


Wire 


.005  vSCC 


1000 

900 

1000 


.003  ssc 


500 


.003  ssc 


Label 


II 


Res. 


120 


4 
10 

4 


II80 
1050 
II80 


II80 
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ARMATURE  DATA  FOR  FORMS  JEN,  J-3,  D-3,  DEN,  J-i,  D-i. 

J-2,  D-2  WATT-HOUR  METERS 


Volts 

Amps. 

Form 

No. 
CoUs 

Turns 

Wire 

Label 

JsCes* 

■^ 

5OO;;550 

3 

JEN.  J-i.  J-2 

16 

500 

.003  ssc 

I 

1 180 

5 
10 

II 

II 

II 

II 

15 

II 

II 

15 

DEN,D.i,  D-2 

II 

^^ 

25 
50 

II 
II 

II 
II 

^ 

75 

II 

II 

1 

100 

150 
200 
300 

450 
600 

II 
II 
II 
II 
II 
II 

II 
II 
II 
II 
II 
II 

te 

550 

1200 

II 

1 

II 

P' 

200-220 

3i 

J3.  J-I.  J-2 

8 

1000 

.003  ssc 

4 

1 180 

7* 

J-I 

650 

.004  ssc 

2 

425 

g  1 

7i 

J-2 

1000 

.003  ssc 

4 

1 180 

10 

J-I.  J-2 

II 

1 

15 
25 
50 

D3,  J-I,  J-2 
D3,  D-I,  D-2 

II 

II 
II 
II 

r*; 

)           II 

75 
100 

150 
200 

II 
II 
II 

II 

II 
II 
II 
II 

>. 

300 

II 

• 

II 

740 
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ARMATURE    DATA    FOR    HIGH    CAPACITY   G-2   CONTINUOUS 
CURRENT,  ASTATIC  WATT-HOUR  METERS 


Volts 

Amps. 

No. 
Coils 

Turns 
per  Coil 

Wire 

Label 

Total  Res. 

IIO 

2500 

8 

500 

.005  SSC 

12 

480 

It 

4000 

375 

14 

360 

i( 

5000 

«i 

II 

II 

II 

6500 

II 

II 

II 

II 

8000 

II 

II 

II 

14 

lOOOO 

II 

II 

II 

220 

2500 

750 

.004  SSC 

13 

1 100 

li 

4000 

500 

.005  SSC 

•        12 

480 

<i 

5000 

II 

11 

II 

11 

II 

6500 

II 

14 

It 

II 

it 

8000 

(1 

II 

II 

<i 

II 

lOOOO 

II 

II 

II 

li 

550 

2500 

750 

.004  SSC 

13 

1 100 

II 

4000 

500 

.005  SSC 

12 

480 

II 

5000 

11 

II 

II 

II 

II 

6500 

it 

II 

II 

II 

II 

8000 

II 

II 

II 

II 

II 

lOOOO 

II 

1 

II 

II 

II 

This  data  applies  to  each  armature  except  the  resistance  which  is  the 
total  for  both. 


ARMATURE  DATA  FOR  PRIMARY  WATT-HOUR  METERS 

HIGH  EFFICIENCY 


VolU 


I 100-2200 


Amps. 


10 

15 
25 
50 

75 
100 

150 
200 
300 

450 
600 


Form 


J-I.   J-2 

D-i,  D-; 


No. 
CoUs 


8 


Turns 
per  Coil 


1000 


Wire 


.003  SSC 


Ubel 


Total 


II80 
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11 

a 
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a 
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1 

1=  =  =  =  =  = 

=  =  =  =  = 

=  =  1=  =  =  =  =  =  = 

=  =  = 

1 
1 

i 
1 

1 

l"k' 

=  =  ;r=  =  =  i=  =  = 

1 

1  II 

'illirr 

§'  R»'  ' 

^1 

P-.-:: 

=  =  1=  =  =  =  =  =  = 

1 

i-    11=  = 

=  =  =  = 

=  11111=  =  != 

s 

s 
i 

•A 

1 
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=  S  £.=  =  £=  =  = 

z 
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1 
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o 

1 
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1 

■S- 
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II 

?= 

1 

1= 

=  1= =  =  =  =  =  =  =  = = 

=  11=  =  =  =  =  = 

i 
1 
1 

i 
1 

1 

i= 

=  T=  =  =  i=  =  =  =  =  = 

=  =  j;=  =  =  i=  = 

1 
1 

1. 

S" 

"f= 
1= 

HIP 

II 
■  it 

=  ffl=f=  =  =  =  =  = 

=  =!=  =  =  =  =  ; 
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& 

1 

1 
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;■ 

i6oohms 

8oohms 
135  ohms 

190  ohms 

ilrr' 
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=  ?======= 

|!|= 

1  8=1=  =  =  =!=  = 

= 111=  1= = = 
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2 

n 


pa 

z 

H 

O 


o 
o 

Q 
»-} 

X 

CO 


< 


9 

I 


•O 

H 
I 


o 


—»    Q 

~ln  to  CO 

I |l   . 

Q  M 

■» 00  *0 

!=  =  =  .  =  .  =  =  .= 


I 


^     «     *■     w     «•     «        I 


<*        ^L    <w        «         •«         «        ^         «• 

>    Q 


CO 


Pi 


III 


o 

00 
Ov 


(O    CO    to    CO 

6 

,a 

o  o  o  o. 

III! 


"8 


to 


8. 


888 


r*> 

i 

H 

H 

> 

• 

« 

Z 

i 

2: 

& 

pci 

? 

*K 

:z 

•-» 

2: 


to  7^ 


8 


CO 

6 

o: 

CI 


to  CO    CO 

I  II 

O  O  O: 

8  88 


8  8: 


♦     « 

« 


8 


8  a 

lOfO 


'sdaiy 


:«:s 


8  0  O  Q  O  O  O  COI>.»OIOO  lOQ  O  O  Q 
•"•  •-•  W  to  ^vO  M 


«  "-I  «  to 


s^lOA 


o  o 

::   3   :   :    lo 


-9JlA\-2 


jC 

CO 

c 

Si 

-5) 

I 

•d 

•d 
a 

(8 

2 


■s 

o 

s 

> 

BO  oj 

ii  £  ^ 
E  1-  •* 
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SHUNT   COIL   DATA  FOR    HIGH    CAPACITY   G-2    CONTINUOUS 
CURRENT,  ASTATIC  WATT-HOUR  METERS 


Volts 

Amps. 

• 

TuTQiper  Coil 

Wire 

Total  Res 

no 

2500 

500 

.005  SSC 

280 

<i 

4000 

650 

.004  SSC 

570 

i( 

5000 

750 

If 

660 

•1 

6500 

750 

44 

660 

(( 

8000 

750 

44 

660 

14 

lOOOO 

750 

44 

660 

330 

2500 

500 

.005  SSC 

280 

it 

4000 

800 

.004  SSC 

700 

n 

5000 

800 

11 

700 

<( 

6500 

1000 

.003  SSC 

880 

<( 

8000 

800 

.004  SSC 

700 

It 

lOOOO 

800 

tt 

700 

550 

2500 

500 

.005  SSC 

280 

tt 

4000 

800 

.004  SSC 

700 

41 

5000 

800 

44 

700 

44 

6500 

1000 

.003  SvSC 

880 

<4 

8000 

800 

.004  SSC 

700 

41 

lOOOO 

800 

44 

700 

These  meters  are  supplied  with  two  shunt  field  coils. 

Data  as  given  applies  to  each  coil  with  exception  of  resistance  which  is 
total  for  both. 
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CARD  OR  TUBE  RESISTANCE  THOMSON  RECORDING 

WATTMETERS 


Volts 

Amps. 

Form 

Resistance 
Ohms 

F<M1X1 

Resistance 
Ohms 

r 

50-55 

3 

j.j-i 

J-2 

II 

5 

II 

287 

II 

240  . 

II 

"  J  ■ 

10 

II 

287 

II 

240 

41 

15 

11 

222 

ti 

240 

a 

25 

D,  D-i 

187 

D-2 

240 

50 

II 

187 

II 

240 

1 1 

75 

1 1 

177 

II 

240 

1 1 

100 

II 

177 

11 

240 

150 

11 

177 

II 

240 

•  1 

200 

II 

202 

II 

240 

300 

II 

247 

II 

240 

i  1 

450 

<  1 

247 

II 

240 

<l 

600 

II 

247 

II 

240 

lOO-IIO 

3 

j-i 

1080 

J-2 

1000 

II 

5 

II 

1220 

11 

1000 

II 

10 

II 

980 

II 

1000 

II 

15 

11 

1030 

II 

1000 

*t 

25 

D-i 

730 

I>-2 

1000 

II 

50 

11 

730 

II 

1000 

e 

II 

75 

II 

730 

II 

1000 

1   1 
II 

100 
150 

II 
II 

730 
730 

II 
II 

1000 
1000 

M 

1      1 

200 

1 1 

730 

II 

1000 

1      1 

300 

II 

730 

II 

1000 

11 

450 

II 

730 

II 

1000 

ii 

600 

II 

730 

11 

1000 

no 

1200 

II 

1380 

II 

1000 

200-220 

3 

Ji' 

2830 

J-^ 

3340 

II 

5 

II 

2580 

II 

3340 

II 

10 

II 

2630 

II 

3340 

■  f 

15 

II 

2430 

II 

3340 

II 

25 

D-I 

2630 

D-2 

3340 

f  1 

50 

II 

2630 

II 

3340 

II 

75 

II 

2630 

II 

3340 

II 

100 

II 

2630 

II 

3340 

II 

150 

D-I 

2630 

I>-2 

3340 

II 

200 

II 

2630 

II 

3340 

11 

300 

II 

2630 

II 

3340 

II 

450 

II 

2630 

II 

3340 

ti 

600 

II 

2630 

II 

3340 

. 

220 

1200 

II 

4080 

II 

3340 
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CARD  OR  TUBE  RESISTANCE  THOMSON  RECORDING 

WATTMETERS 


Volts 

Amps. 

• 

Form 

Resstance 
Ohms 

Form 

Resistance 
Ohms 

' 

5oo;-55o 

3 

Jn' 

9460 

10460 

• 

5 

n 

9460 

11 

10460 

10 

i< 

9460 

II 

10460 

15 

tt 

9460 

II 

10460 

25 

D-i 

9460 

D-2 

10460 

50 

(1 

9460 

II 

10460 

M 

? 

75 

<i 

9460 

II 

10460 

100 

<( 

9460 

II 

10460 

1 

150 

It 

9460 

II 

10460 

200 

(1 

9460 

II 

10460 

300 

(I 

9460 

II 

10460 

450 

11 

9460 

II 

10460 

600 

<i 

9460 

II 

10460 

te 

550  . 

1200 

<i 

1 1 180 

<i 

10460 

'' 

200-220 

33^ 

j-i 

1080 

J-2 

1000 

yVi 

<i 

1550 

l< 

1000 

15 

D-i 

730 

D-2 

1000 

l\ 

25 

" 

730 

II 

1000 

'^•> 

^ 

50 

4< 

730 

41 

1000 

75 

" 

730 

II 

1000 

fO 

100 

150 
200 

:: 

730 
730 
730 

II 
II 
II 

1000 
1000 
1000 

k 

_  _ 

300 

730 

<i 

1000 
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1 

s 

^ 

1 

i 

t 

1 
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TOTAL   RESISTANCE   AND   WATT    LOSS    POTENTIAL    CIRCUIT 
THOMSON  RECORDING  WATTMETERS 


1 

t 
1 

a 

ll 

1 

ll 

I 

*• 

> 

Ik* 

•go 

p^ 

Jo 

fli 

^ 

^ 

p2 

^ 

* 

220 

1200 

D-I 

• 

5640 

8.58 

D-2 

5000 

9.68 

500^550 

3 

J-i 

1 1620 

26.05 

J-2 

12120 

24.92 

5 

II 

II620 

26.05 

II 

12120 

24.92 

10 

II 

1 1620 

26.05 

II 

12120 

24.92 

15 

II 

1 1620 

26.05 

II 

12120 

24.92 

2: 

25 

D-I 

1 1 620 

26.05 

D-2 

12120 

24.92 

1 

50 

II 

1 1620 

26.05 

II 

1 2 120 

24.92 

75 

II 

1 1620 

26.05 

II 

12120 

24.92 

1 

Cl 

100 

II 

1 1620 

26.05 

II 

12120 

24.92 

150 

II 

1 1620 

26.05 

11 

12120 

24.92 

200 

II 

1 1620 

26.05 

II 

12120 

24,92 

300 

II 

1 1620 

26.05 

11 

12120 

24.92 

450 

II 

1 1620 

26.05 

II 

12120 

24.92 

600 

II 

II 620 

26.05 

II 

12120 

24.92 

!■ 

550 

1200 

II 

12800 

23.63 

II 

12120 

24.92 

f 

200-220 

3H 

^-} 

2660 

4.55 

J-2 

2500 

4.84 

1 " 

7H 

II 

2415 

502 

II 

2500 

4.84 

1 

15 

D-I 

2310 

5-25 

II 

2500 

4.84 

t' 

25 

If 

2310 

525 

D-2 

2500 

4.84 

^^                                 1 

50 

1 1 

2310 

5.25 

II 

2500 

4.84 

75 

4  t 

2310 

525 

II 

2500 

4.84 

CO      ' 

1 

100 

A  i 

2310 

525 

II 

2500 

4.84 

1     ■ 

150 

1  4 

2310 

5.25 

II 

2500 

4.84 

1 
1 

* 

200 

44 

2310 

5.25 

II 

2500 

4.84 

i       * ' 

1 

300 

1  4 

2310 

5.25 

II 

2500 

4.84 
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TOTAL  RESISTANCE  AND  WATT  LOSS  IN  POTENTIAL  CIRCUIT 

OF  HIGH  CAPACITY  G-2   CONTINUOUS   CURRENT 

ASTATIC  WATT-HOUR  METERS 


Volts 

Amps. 

Res.  Ohms 
1700 

Watt  Loss 

no 

2500 

7.12 

II 

4000 

1880 

6.45 

II 

5000 

1900 

6.35 

II 

6500 

1800 

6.77 

II 

8000 

2020 

5.96 

II 

lOOOO 

2020 

5.96 

220 

2500 

4650 

10.4 

ti 

4000 

4800 

10.2 

(I 

5000 

4800 

10.2 

II 

6500 

5370 

9.0 

II 

8000 

4800 

10.2 

II 

lOOOO 

4800 

10.2 

$po 

2500 

II600 

26.1 

II 

4000 

12000 

25.2 

II 

5000 

12000 

25.2 

II 

6500 

^      13400 

22.4 

II 

8000 

12000 

25.2 

II 

lOOOO 

12000 

25.2 

TwoNVina-Ooli  in  LaTt  Plaid. 
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Thomson  Continuous  Current  Watt-hour  Meters, 

Recent  Types 

The  "  Thomson  Recording  Wattmeters  '*  of  the  types  already  describee 
were  superseded  in  1904  by  the  Type  C  Thomson  watt-hour  tnetcn, 
which,  while  based  on  the  same  fundamental  principles,  were  essentiallj 
different  in  details  of  construction    (Fig.   417). 

Thomson  continuous  current  watt-hour  meters  of  types  C,  C-> 
C-6,  C-7,  C-9,  CP,  CP-2,  CP-3,  CP-4,  CQ,  CQ-2,  CS,  CS-2,  CB-4. 
G-2  and  G-3,  comprise  those  watt-hour  meters  with  spherical  arma- 
tures. 

Of  these  types,  Type  C-6,  C-7,  C-g  and  CP-4  are  the  present  standard 
continuous  current  watt-hour  meters,  the  other  types  having  been  super- 
seded. These  meters  all  use  the  spherical  eight-coil  armature  wound  on 
a  pressed  paper  core.  These  are  wound  of  enamel  acetate  coated  wire, 
and  after  completion  are  protected  by  a  coat  of  **  kapak  "  insulation  baked 
on. 

The  magnets,  four  in  number,  are  arranged  in  pairs,  which  are 
astatically  mounted  on  a  rigid  shoe. 

The  jewels  are  made  of  Ceylon  sapphires  for  the  lower  capacities 
up  to  50  kilowatts,  and  cupped  diamonds  are  used  in  all  continuoas 
current  meters  of  50  kilowatts  capacity  and  over. 

The  pivots,  which  are  removable,  are  made  from  steel  wire,  and 
are  hardened,  ground  and  highly  polished  with  spherical  tips. 

The  registers  are  all  of  the  four-dial  type  (Fig.  418),  reading  direcriy 
in  kilowatt-hours,  except  in  a  few  of  the  higher  capacities,  where  a  reg- 
ister constant  of  10,  100  or  1,000  is  used,  as  indicated  on  the  dial 
face.  Each  register  is  stamped  on  the  back  with  a  number  expresv 
ing  the  ratio  between  revolutions  of  the  worm  wheel,  or  wheel 
meshing  with  the  worm  on  the  moving  element  shaft,  and  revolu- 
tions of  the  first  dial  hand,  or  the  register  ratio.  The  ratio  of  the 
worm  gear  in  all  cases  being  100  :  i,  from  the  above  the  following 
formula  is  derived: 

Test  constant  K,,  X  100  X  the  register  ratio  =  the  number  of  watt- 
hours  corresponding  to  one  revolution  of  the  most  rapidly  moving 
dial  hand.  By  substituting  two  of  the  above  factors,  the  third  may 
readily  be  determined.     (See   Chapter  XV.) 

On  page  752  is  given  an  explanation  of  the  signtiicance  of  the 
letters  used  in  designating  these  types  of  Thomson  continuous  cur- 
rent watt-hour  meters: 
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Fit;.  417. — ^A,  Annature;  BB',  Brushes;  C,  Commutator;  CC,  Fiiction  Compensation  Coil ; 
D,  Disk;  Mi,  M  j.  M»,  M4,  Drag  Magnets;  S,  Shaft;  SP  C,  SF  C.  Scries  Field  Coils; 
Ti,  Ti.  T».  T4,  Terminals;  TW.  TWi.  Tension  Weights  for  Brushes; 

W.  Worm;  WW,  Worm  Wheel. 
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C  — House  service  type,  two-  and  three-wire;  capacities  ranging 
from  5  to  600  (inclusive)  amperes,  and  voltages  ranging 
from  o  to  800  volts. 

C-5  — Essentially  the  same  as  C-6,  but  back  connected  and  in  ca- 
pacities of  Types  C-6  and  C-7. 

C-6   — Superseded  Type  C  in  capacities  up  to  250  volts,  inclusive. 

C-7   — Superseded  Type  C  in  capacities  above  250  volts. 

C-9  — Superseded  Type  C-^,  with  omission  of  supporting  lugs  and 
altered  potential  stud  arrangement. 

CP    — Prepayment  type,  used  with  separate  prepayment  device. 

CP-2 — Prepayment  type  in  combination  with  C-6  watt-hour  meter. 

CP-3 — Supersedes  CP-2,  with  changed  mechanical  details. 

CP-4 — Supersedes  CP-3  and  is  the  same,  except  operating  knob 
details,  and  slight  changes. 

CQ    — House  service  type,  with  four  pole  armature. 

CQ-2 — Same  as  CQ,  except  back  connected. 

CS    — Astatic  switchboard  type. 

CS-2 — Same  as  CS,  except  that  it  is  front  connected. 

CB-4 — Portable  rotating  standard  with  C-6  characteristics. 

G-2  — Astatic  switchboard  type,  similar  to  Type  CS,  except  that 
current  coils  are  bus-bar  type  instead  of  circular. 

G-3  — Same  as  Type  G-2,  except  that  cover  consists  of  two  parts, 
a  metal  subbase  and  glass  cover. 

The  type  C  Thomson  watt-hour  meter  was  designed  for  house  service 
for  use  upon  continuous  current,  two  and  three-wire,  in  capacities  of  5,  10, 
15,  25,  50,  75,  100,  150,  300  and  600  amperes,  o  to  800  volts,  three-wire; 
and  5  to  300  amperes  in  like  steps  for  200  to  800  volts,  three-wire. 

For  meters  up  to  250  volts,  the  resistance  was  wound  on  a  tube  and 
mounted  on  the  inside  of  the  meter  on  the  back. 

For  meters  above  250  volts  up  to  and  including  600  volts,  the  resistance 
was  wound  on  a  tube  and  mounted  in  an  external  cage  on  the  meter 
back.  For  meters  above  600  volts  the  resistance  was  wound  on  tubes 
and  mounted  in  a  separate  box.  The  finish  of  the  meter  was  dull  black 
japan.  The  cover  was  provided  with  a  glass  window  for  reading  the 
meter  register.    The  meter  when  required  was  furnished  with  glass  cover. 
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The  leading  in  wires  entered  into  binding  posts  located  at  the  sides 
of  the  meter. 

This  type  was  in  production  from  July,  1904,  to  November,  1905. 

The  Type  C  Thomson  watt-hour  meters,  in  capacities  up  to  Z50  volts, 
have  been  superseded  by  the  Type  C-6.  In  capacities  aliove  250  volts 
they  have  been  superseded  by  the  Type  C-7.  The  Types  C-6  and  C-7 
watt-hour  meters  are  built  in  the  same  current  capacities  as  the  Type 


Pig,  41S.— Rcgiiter,  Pour  Dial  Type. 


C,  the  Type  C-7  meter  being  built  for  use  on  two-wire  circuits  only. 
The  Type  C-6  meter  is  furnished  with  the  combined  shunt  and  resist- 
ance, and  upon  the  Type  C-7  meter  the  separate  shunt  tield  coil  is 
used.  For  meters  up  to  600  volts  the  resistance  is  wound  upon  tubes 
and  mounted  in  an  external  cage  upon  the  meter  back.  For  meters 
above  600  volts,  the  resistance  is  wound  on  tubes  and  mounted  in  3. 
separate  box.  The  finish  is  dull  black  japan,  covering  being  provided 
vvith  glass  windows  for  reading  the  meter  register,  and  when  so  de- 
sired molded  glass  cover  can  be  furnished   (Figs.  419,  420  and  421). 

The  leading  in  wires  enter  into  binding  posts  located  at  the  sides  of 
the  meter. 

Types  C-6  and  C-7  have  been  in  production  from  November,  1905, 
to  date. 

The  Type  C-S  Thomson  watt-hour  meter  was  essentially  the  Type  C-6, 
but  back  connected.  It  was  built  in  similar  capacities  as  the  Types  Ci-6 
and  C-7.  Meters  up  to  250  volts  were  equipped  with  combined  shunts 
and  resistances;  above  this  voltage  the  resistance  being  wound  on  tubes 
and   mounted  in  a   separate  box. 

This  type  of  meter  was  finished  in  dull  black  japan,  the  cover  being 
provided  with  a  glass  window  for  reading  the  meter  register.  Moulded 
glass  covers  were  furnished  whenever  desired.    This  type  of  meter  has 


RLECTRtCAL  METRRMAN'S   HANDBOOK 


rnal  View  of  Thon 


ison.  Type  C-6,  Continuous  Current  Wal 
— Thoitiaon.  Type  C-tt  Walt-hour  Met« 


DESCRIPTIVE   DATA    ON    WATT-HOUR   METERS 


755 


been  superseded  by  the  present  Type  C-9.  The  difference  between 
Types  C-5  and  C-9  watt-hour  meters,  lies  in  the  omission  of  support- 
ing lugs  00  the  Type  C-9  meter  and  the  vertical  arrangement  of  the 
potential  studs  (Figs.  422  and  423). 

Type  C-9  has  been  in  production  from  November.  1905,  to  date. 

The  Type  CP  Thomson  prepayment  watt-hour  meter  is  similar  to  the 
Type  C-6,  except  in  the  number  of  terminals  and  a  contact  making  regis< 


Fic.  410.— Eitenial  View  of  Thomson.  Type  C-J  Watt-houi  Me»r. 

ter.  It  is  built  in  capacities  of  3,  5,  10,  15  and  25  amperes,  loo  to  250 
volts,  two-wire,  and  200  to  250  volts  three-wire.  It  is  used  in  connection 
with  a  separate  prepayment  device. 

The  Type  CP-2  Thomson  prepayment  watt-hour  meter  is  3  combina- 
tion of  the  prepayment  mechanism  of  the  separate  prepayment  attach- 
ment and  Ifae  Type  C-6  watt-hour  meter. 
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This  type  o£  meter  was  built  in  capacities  similar  to  the  Type  CP  pre- 
payment watt-hour  meter  and  was  adapted  for  either  a  lo  cent  or  25 

Finish  was  similar  to  the  Type  C-6. 

The  Type  CP-3  Thomson  prepaymetit  watt-hour  meter  supersedes  the 
Type  CP-2.    The  principle  of  operation  of  the  CP-3  was  similar  to  the 


FlO.  *3r.— Internal  View  of  Thomson.  Type  C-J  Watt-hour  Meter. 

CP-2,  but  they  differed  greatly  in   mechanical  details,  changes   being 
made  to  provide  a  more  reliable  and  convenient  device  (Fig.  424). 

The  Type  CP-4  Thomson  prepayment  watt-hour  meter  supersedes 
the  Type  CP-3,  and  is  the  same  electrically  and  mechanically,  except 
that  the  operating  knob  is  fastened  in  the  cover  and  operates  the 
prepayment  mechanism  through  a  driving  dog  preventing  any  injury 
lo  the  mechanism  by  strains  on  the  knob- 
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The  Type  CQ  Thomson  watt-hour  meter  designed  for  house  serv- 
ice, continuous  current,  is  built  in  capacities  of  50,  75,  100,  zoo  and  400 
.  amperes,  o  to  800  volts,  two-wire;  and  50,  75,  loo  and  200  amperes,  300 
to  800  volts,  three-wire   (Fig.  425). 

The  meter  has  a  four-pole  armature  construction  and  the  field 
coils  are  formed  in  quadrants  surrounding  the  four-pole  armature  as 


Fro.  4aa.— Eitemal  View  ol  Thomson,  Type  C-9  WBtt-hour  Met«. 

completely  as  possible,  this  construction  minimizing  the  effect  of 
stray  fields   (Fig.  426). 

For  watt-hour  meters  up  to  300  volts,  the  resistance  is  wound  upon 
tubes  and  mounted  in  an  external  cage  upon  the  meter  back.  Above 
300  volts,  the  resistance  is  wound  on  tubes  and  mounted  in  a  sepa- 
rate box. 

The  leading-in  wires  enter  into  binding  posts  located  at  the  side 
of  the  meter. 
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The  CQ  Type  has  been  in  production  from  May,  1909,  to  date. 

The  Type  CQ-2  Thomson  watt-hour  meter  differs  only  from  the 
Type  CQ  in  that  it  is  back  connected. 

The  CQ-2  Type  has  been  in  production  from  November.  ic(og,  lo  dale. 

The  Type  CS  Thomson  watt-liour  meter  designed  for  switchboard 
service,  continuous  current,  is  built  in  capacities  of  S",  75.  i«>.  iSo,  200. 


Pic  433— Internal  View  of  Thomson,  Type  C-9  Wall-hour  Meter. 

.100,  400,  600,  800,  1.200  and  1,500  amperes,  o  lo  800  volts  two-  and 
ihree-wire    (Fig.  427). 

The  meter  has  two  spherical  armatures  mounted  astatically  on  the 
same  shaft. 

The  scries  field  is  constructed  of  copper  punchings  joined  in  such 
a  way  that  the  current  divides  ^nd  flows  completely  around  and 
close  lo  each  armalure,  so  as  lo  give  a  maximum  influence  of  the 
working   flux. 
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The  resistance  for  all  Type  CS  watt-hour  meters  is  wound  upon 
(ibes  and  mounted  in  3,  separate  box. 

The  meter  has  a  glass  cover  and  is  finished  in  dull  black  japan,  the 
jrominent  internal  parts  being  finished  in  polished  brass. 


Fic.  414 .—Thomson.  Pfepayment,  Type  CP-3  Watt-hour  Meter, 

The  CS  Type  has  been  in  production  from  November,  igo?.  to  datt. 

The  CS'l  Thomson  wall-hour  meter  is  the  same  as  the  CS.  ex- 
cept that  it  is  front  connected,  has  a  metal  cover  and  the  internal 
parts  left   iinpoltshcd    ( Fijit.   4-^). 

The   CS-_'   Type   has   been   in   produclion    from    .Aiigusl,    icjio.   In   dalf. 

The  Type  CB-4  Thomsim  porlahlc  test  meter,  or  rotating  standard, 
is  built  in  capacities  of   1,  2,   10,  20  and  40  amperes,   no  volt  and    no 
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and  220  volt;  5,  10,  50  and  100  amperes,  no  volt  and  no  and  220  volt. 
The  electrical  characteristics  are  similar  to  the  Type  C-6  (Figs.  429 
and  430). 

The  Type  G-2  Thomson  watt-hour  meter  was  designed  for  switch- 
board service  upon  continuous  current,  two-  and  three-wire  circuits. 


Pic.  426. — ^Annature  of  Thomson,  Type  CQ  Watt-hour  Meter. 

It  is  built  in  capacities  of  2,000,  3,000,  4,000,  6,000,  8,000  10,000  and 
15,000  amperes,  o  to  800  volts,  two-wire,  and  2,000,  3,000,  4,000  and 
6,000  amperes,  200  to  800  volts,  three-wire  (Fig.  431). 

The  resistance  for  all  Type  G-2  watt-hour  meters  is  wound  upon 
tubes  and  mounted  in  a  separate  box.  This  type  of  watt-hour  meter 
uses  the  astatic  armature  of  the  spherical  type  and  the  shielder' 
damping  mechanism   similar  to  the  Type   CS  watt-hour  meter.     ] 
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has  a  rectangular  glass  cover  and  is  finished  in  polished  copper  and 
brass.    The  cover  is  secured  to  the  switchboard  by  four  bolls. 

The  G-2  Type  has  b^eii  in  produclion  from  May.  1908,  to  date. 

The  Type  G-3  Thomson  watl-hour  meter  is  similar  in  every  re- 
spect to  the  Type  G-2,  except  that  the  cover  or  case  consists  of  two 
parts,  3  meta!  subbase  which  is  bohed  to  the  switchboard,  and   a 


Pic.  427.— Thomion.   Type  CS  Wall-hour   Meier. 

glass   cover  which   is   fastened   to   this   subbase  by   means   uf   s 
Ihis  conslruclion  makes  the  cover  removable  from  the  front. 
The  G-3  Type  has  been  in  production  from  January,  iqm.  to  dal 
The  testing  formula  for  the  above  types  of  Thomson   wal 
meters  is  as  follows: 

_3.6oo  X  Kh  X  R 


>  Chapters  XV  and  VfT.) 
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Two-hour  overload  capacity  of  150  per  cent  of  the  full  load  rating 

of  these  watt-hour  meters  is  allowed. 

Registers  are  all  direct  reading,  except  where  a  register  constant  is 
marked  on  a  register.    The  only  register  constants  used  on  registers 


Fic.  420— EiteniaJ  View  of  Thomson,  Type  CB-^  RoIaliiiK  Stadd»nJ. 

are  10  and  100.    The  first  dial  reads  directly  in  kilowatt-hours;  each 
division  being  equal  to  one  kilowatt-hour. 

For  Tables  of  ConstantB,  see   Chapter  XV. 

Data  on  performance  of  C-6,  C-j  and  C-g  watl-hour  meters  are 
given   below: 

Speed  of  nmving  element  at  full  load 46  rev.  per   min. 

^  Torque  at  full  load   170  mm-g. 
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Weight  of  moving   dement    9?  to  107  grammes, 

according  to  capacit} 

Ratio  of  torque  to  weight    1.78  to  1.61 

Volt  drop  in  series  field,   150  amp 0.06 

Volt  drop  in  series  field,  5  amp 1.15 

Watt  loss  in   series  coil,  5  amp 5.7 

Watt  loss  in  series  coil,  150  amp 9.5 

Watt  loss  in  potential  circuit,  no  volt 5.1 


Fio.  430.— Internal  View  of  lliamson.  Type  PiG.  43 1  — Thomion.  Type  G-J  Wnlt-h 

C  B-4  Routing  Stuidsrd.  Meter. 

Similar  data  for  CQ  and  CQ-2  watt-hour  meters  follows: 

Speed  of  moving  element  at  full  load  46  rev.  per  m 

Torque  at  full  load  in  mm-g. 

Weight    of    moving   element    96  grammes 

Ratio    of   torque   to   weight    1.16 

Volt  drop  in  aeries  field,  50  amp o.iS 

Watt  loss  in  series  coil,  50  amp 7-5     • 

Watt  loiB  in  potential  circuit,  no  volts    9.25 
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Similar  data  for  CS  and  CS-2  watt-hour  meters  follows : 

Speed  of  moving  element  at  full  load 46  rev.  per  min. 

Torque  at  full  load,  400  amp 190  mm-g. 

Torque  at  full  load,   1,200  amp 258  mm-g. 

Torque  at   full  load,    1,500  amp 315  mm-g. 

Weight  of  moving  element,  50  to  600  amp 173  grammes 

Weight  of  moving  element,  800  to  1,500  amp 180  grammes 

Ratio  of  torque  to  weight   1.75 

Watt  loss  in  potential  circuit,  no  volts   6.2 

Some  data  on  G-2  and  G-3  watt-hour  meters  follows: 

Speed  of  moving  element  at  full  load  37  rev.  per  miu. 

Torque  of  moving  element   150  to  300  grammes 

Weight  of  moving  element   175  to  200  grammes 

Types  which  arc  merely  adaptations  of  other  types  will  have  simi- 
lar data  of  performance. 

The  size  of  terminal  holes  is  the  same  throughout  all  lines  of  the 
General  Electric  (Thomson)  watt-hour  meters  and  the  sizes  are  in 
accordance  with  the  following  tables: 

Series  terminals,      3  to     10  amp.  J4     *"• 

15       "       25  "  V,6         " 

50     "  H     " 

75  "  V,«  " 

100  to  150  "  Vz  "  cable  with  lug. 

300  "  two    1/2  "  cables  with  lug. 

600  "  four   ^  "  cables  with  lug. 

Shunt   Resistance,  Armature   Resistance  and  Size  of  Wire 

Resistance  of  shunt  field  coil,  Type  C  meter    66  ohms 

Resistance  of  armature.  Type  C  meter  823 

Series  resistance,  Type  C  meter   i.54i 

Total  resistance  potential  circuit,  Type  C  meter  2,430 

Ampere  turns  series  field,  Type  C    meter   300 

Resistance  of  armature,  Type  C-6  meter  930  ohms 

Number  of  effective  turns  in  shunt  field  coil,  Type  C-6 

meter  800  to  2,000 

Shunt  field  coil,  Type  C-7  meter  1,200  turns 

Resistance  shunt  field  coil 300  ohms 

For  Types  C-S  and  C-9  use  same  data  as  for  the  Type  C-6. 


it 
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Strap.    L-^ 


S-iS  Amp.  100-250  Volts,  2 -wire. 


25-50  Amp.  100-250  Volts,  2-wire. 


75-300  Amp.  100-250  Vclts,  2-wire. 


600  Amp.  100-250  Volts,  2-wire. 


5-SO  Amp.  aoo-soo  Volts,  3 -wire. 


75-300  Amp.  200-500  Volts,  3-wire. 


Fic.  432. — Diagrams  of  Internal  Connections  of  Thomson,  Types  C  and  C-6  Watt- hour  Meters. 

Service  Enters  on  the  Left, 
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Extensiof? 


Strap 


^ 


S-15  Amperes,  250-800  Volts,  2-wire. 


^ 


Keslstonce/n 

£xt«ns/on 
vwwwv 


<S. 


stmp 


■® 


^ 


25-50  Amperes,  250-^00  Volts,  2-wire. 


4= 


fties/sUnce/n 
£xtens/oo 


75-300  Amperes,  250-800  Volts,  2-wire. 


600  Amperes,  250-800  Volts,  2-wiie. 


5-50  Ampsres,  250-800  Volts,  3-wire. 


75^300  Amperes,  50Z-800  Volts,  j-wire. 


*tG.  433- — DisLgrams  of  Internal  Connections  of  Thomson.  Types  C  and  C-7  Watt-hoar  Metais. 

Service  Enters  on  the  Left. 
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The  following  instructiotiB  for  initalling  some  ot  these  types  have 
been  issued  by  the  manufacturer. 

All  these  watt-hour  meters  have  a  jewel  bearing  and  should  be 
handled  with  care.     Some  types  of  meters  have  a  shipping  device 


^ 


Pic.  +M. — IntemalConneciii 

diUnce  for  Type  CO  MeU:iB  up  1 
Cage  upon  the  Meter  Back.  Rh 
600  VolW.  3-wire,  aU  Type  CO- 
Seponte  Box. 


Thomson  Types  of  CO  « 


CO- 1.  Watt-hoar  Uet< 


which  holds  the  disk  oF  the  meter  in  place,  preventing  any  damage 
to  it  or  the  jewel  in  transportation.  This  should  be  used  in  trans- 
porting same  10  and  from  the  point  of  installation  and  should  not  be 
removed  nor  the  moving  clement  lowered  on  the  jewel  until  all 
preliminary  work  of  installation  has  been  completed.  ^^^ 
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Care  and  judgment  must  be  used  in  deciding  upon  a  proper  loca- 
tion for  it.  A  dry,  light  place,  as  free  from  vibration  as  possible 
should  be  selected. 

Meters  should  be  inspected  to  see  that  they  operate  freely  on  light 


S^c/rCoi/ 


2  W^« 


3  »Mrv 


j^" S^rarfnn^  Coi/' 


FiG.4JS.     Internal  Connections  of  Thomson,  Typo  CS-2  Walt-hour  Meters.      Service  Enter* 

on  the  Left. 


loads   bcfcirc   leaving   them,   and   to   sec   that   the   top   bearing   is   set 
midway  between  the  shoulder  and  top  of  the  shaft. 

The  adjustment  of  the  bruslics  should  he  noted.  In  no  case  should 
they  be  left  sparking  at  the  commutator.  Diagrams  of  connections  and 
dimensions  of  some  of  the  foregoing  types  are  given  in  Figs,  432  to  455. 
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'cmtrfon  Curr0n^  ^mtinai. 


Pig.  437. — Internal  Current  Qircuit  Connections  of  Thomaon,  Type  CB-4.  Continuous  Current 

Rotating  Standard.  5  to  iqo  Amperes. 
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^«Sr,,, 


Fig.  4j8,— Internal  Potentisl  Circuit  Connectioni  □[  Single  VolUge  (loo-iij  Voltt).  Thom- 
■oo,  Type  CB.4  Continuous  Current  Rotating  Slflodatd,  i-i-io-ao-40  Ampcru.  i-ia- 
So-ioo  Ampere*.  Viewed  fiom  Front  and  Top,  Heating  Key  down  lot  Heating  Poil- 
tioa.     Heating  Key  up  for  Working  Position. 
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y7'<svv^e/  frxjrr?  /^rx>rr/-  y  Tbjo^ 


f*^n</<OfttSvvi^^\ 


*&^/s  torfc9 


Fig.  439- — Internal  Potential  Ciicuit  Connections  of  Single  Voltage  (.200-250  Volts),  Thom- 
son, Type  CB-4  Continuous  Circuit  Rotating  Standard,  1-2-1 0-20-40  Amperes.  5-10- 
50-100  Amperes.     Viewed  from  Front  and  Top.     Heavy  Lines  show  Working  Connec 
tions.     Dash  and  Dot  Lines  show  Heating  Connections. 
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)//iffv^«^/y-orr7  /r-ory/'dt  7&/0. 


^n^&r7/-  ^VKf/ft/r 


Fig.  440. — Internal  Potential  Circuit  Connections  of  Single  Voltage  (500-550  Volts),  Thom- 
son, Type  CB-4  Continuous  Curretit  Rotating  Standard,  1-2-10-20-40  Amperes.  5-10- 
SO-ioo  Amperes.  Viewed  from  Front  and  Top.  Heavy  Lines  show  Working  Connections. 
Dash  and  Dot  Lines  show  Heating  Conn  ctions. 
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O 


F^,i^snf--3\ii'!*^ 


-jJoc/^ 


Pro.  441.— loleoud  PoWntUl  Circuit  Conoections  (or  1*>-13S  Volt  Side  o(  Double  Voltage. 
Thonuon,  Type  CB-4.  Continuotu  Current  Rotating  SUndard,  l'l-li>-lo~4a  Anipent. 
S-io^jo-iixi  Amperca.     Hetiting  K<y  Do*n  Cot  Heating  PoaitiDO.     HcAling  Key  Up  tor 

Woildiis  Portion. 
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^V-^rr?  vJoc/z-c^ 
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/^^nc/^ni-  ^vi/Jiish 
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Pic.  443. — Internal  Potential  Circuit  Connections  for  200-250  Volt  Side  of  Double  Voltage, 
Thomson,  Tyi)e  CB-4,  Continuous  Current  Rotating  Standaid,  1-2-10-20-40  Ami>eres, 
x-S-xo-so-xoo  Amperes.  Heavy  Lines  show  Working  Connections.  Dash  and  Dot 
Lines  show  Heating  Connections. 


ELECTRICAL   METERMAN'S   HANDBOOK 


Pl(^44J.— InUmal  PotcntiBl  CiicuLt  Connc  lions  of  Thomson,  Type  CB-4.  Conti 
Current  RaUtins  Standard,  no  and  sja  VoLt«.  Heating  Key  Down  for  H«it<n« 
lion.     Healing  Key  Up  for  Workina  Pwation. 
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SSOkb/f,  /^c7//r7^ 


/ToWTf 


Fic.  448  — External  Potential  Circuit  Connections  of  Thomson,  Type  CB-4,  Continuous  Cur- 
rent Rotating  Standard,  no  and  sso  volts. 


DiiSCRiPTlVE    DATA    ON    IVATT-llOUR   METERS       783 


Pre.  449.— Dimensions  of  Thomson.  Type  C-T.  ContinuouB  Current  Watt-hour  Meters.  ; 
AmperM,  asi-600  Voits.  s-wire.  Type  CQ  Wstl-hout  Meters,  so  and  7S  Ampere*,  0-31 
Volts.  2-wire.  300-600  Volts,  j-wire. 
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Fig.  4SO. — Dimensions  of  Thomson,  Type  C-7,  Continuotts  Current  Watt-hotir  Meters.  loo 
and  ISO  Amperes,  251-600  Volts,  2-wire.  Type  CO  Watt-hour  Meters,  100  Amperes. 
0-300  Volts,  2-wire,  200-600  Volts  3- wire. 
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Fig.  451. — Dimensions  of  Thomson,  Type  C-7,  Continuotis  Current  Watt-hour  Meters.  300 
Amperes,  251-600  Volts,  2-wire.  Type  CQ  Watt-hour  Meters,  aoo  Amperes,  0-300  Volts, 
2-wire,  200-600  Volts,  3-wire. 
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Fm,  4SJ.— Dimensions  o[  Thomson,  Type  Cy.  ConlinuoiH  Currant  Wall-hour  Mcli 
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Fig.  453. — Dimensions  of  Thomson,  Type  C-7,  Continuous  Current  Watt-hour  Meters,  600 

Amperes.  251-600  Volts,  2-wiie. 
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Fig.  454. — Dimensions  of   Thomson,  Type   CS-2,   Continuous   Current   Watt- hour  Meters. 

^nn— RrtA  Amn*»r#>s.  rv— TCn  Vnlfcs.  2-anrl  l-wire. 
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Pig.  4SS. — Dimensions  of  Thomson,  Type  CS-2,  Continuous  Current  Watt-hour  Meters,  laoo- 

isoo  Amperes.  0-750  Volts,  2-  and  3-wire. 
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Thomson,  Alternating  Current,  Induction   Watt-hour  Meters 

In  the  General  Electric  (Thomson)  induction  type  of  watt-hour 
meter  for  alternating  current  circuits  there  is  the  usual  combination 
of  current  and  potential  elements,  establishing  a  rotating  field  which 
produces  opposing  fields  by  inducing  current  in  a  movable  closed  sec- 
ondary, causing  the  rotation  of  same.  It  is,  of  course,  obvious  that 
the  speed  must  be  proportional  to  the  wattage  to  be  measured.  In 
order  for  this  to  hold  true,  the  combination  of  elements  above  re- 
ferred to  must  produce  a  torque  or  turning  moment  directly  propor- 
tional to  the  load  or  wattage.  This  is  accomplished  by  causing  the 
rotating  element  which  is  constructed  of  non-magnetic  material  to 
pass  between  the  poles  of  permanent  magnets  which  generate  Fou- 
cault  currents  in  it  directly  proportional  to  the  speed. 

The  arrangement  of  the  parts  and  connections  of  the  coils  of  the 
Type  I  induction  meter  are  shown  diagrammatically  in  Fig.  456,  which 
is  a  rear  view.     The  figure  is  lettered  for  reference. 

The  function  of  the  various  coils  and  parts  will  be  described. 

D  is  an  aluminum  disk,  mounted  to  rotate  between  the  series  and 
potential  magnet  poles,  also  between  the  poles  of  the  permanent 
magnet  brake. 

SFC  and  SFC  are  the  main  series  field  coils  wound  in  opposite 
directions  on  projecting  iron  cores.  These  coils  produce  the  series 
field  proportional  to  the  current  in  the  circuit. 

IC  is  the  impedance  coil  producing  the  field  of  the  potential  circuit 
proportional  to  the  line  e.  m.  f.  This  winding  has  a  high  reactance 
and  is  connected  directly  across  the  main  circuit.  The  magnetic  field 
produced  lags  nearly  90  degrees  with  respect  to  the  e.  m.  f.  impressed. 

PC  is  a  phasing  coil  consisting  of  a  closed  secondary  or  lagging 
winding,  which  produces  a  sufficient  additional  field  to  establish  the 
exact  90  degree  relation  required. 

AR  is  an  adjustable  resistance  in  series  with  the  closed  secondary 
winding  to  regulate  the  magnitude  of  the  current. 

LLA  is  the  light  load  adjustment,  a  closed  secondary  of  one  turn 
of  copper  placed  around  the  core  of  the  potential  coil  and  arranged 
to  produce  the  necessary  unbalancing  of  the  field  of  the  potential  coil 
to  compensate  for  friction. 

L  is  a  lever  provided  for  adjusting  the  position  of  the  closed  secon- 
dary LLA  with  respect  to  the  iron  core. 

T*,  T*,  T*  and  T*  are  the  main  terminals  for  connecting  the  meter 
in  circuit. 

6B  is  the  bus-bar. 
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The  phase  relalions  of  the  maenetic  fields  produced  by  the 
windings  in  the  Type  I  meter  are  represented  diagrammalically 
vecHir  diagram,  Fig.  45?-     I"  Hie  diagram  Ihc  plia'^e  relation  and 


hour  Metur. 

tnde  of   tlie  coniponcnls  arc   magnitkd   in   order   to  ni:ike   the   descriplio 

OA  re[>resenls  (he  impressed  e.  in.  f.  applied  to  the  impedance  coi 
ur  potential  coil,  winding. 
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OB  represents  the  current  in  the  impedance  coil,  which  lags  nearly 
go  degrees  behind  the  impressed  e.  m.  f.,  due  to  the  reactance. 

OE  represents  the  e.  m.  f.  induced  in  the  closed  secondary  winding 
PC  (Fig.  456),  and  is  almost  180  degrees  from  OA. 

OC  represents  the  current  in  the  closed  secondary  PC.  This  cur- 
rent is  in  phase  with  the  induced  e.  m.  f.,  OE,  as  the  winding  is  prac- 
tically non-inductive. 

OD  represents  the  magnitude  and  direction  of  the  resultant  mag- 
netic field  produced  by  the  combined  magnetizing  effect  of  the  cur- 
rent OB  in  the  potential  coil  and  the  closed  secondary  current  OC. 


A 


Pig.  457- — Vector  Diagram  of  Phase  Relations  of  Vohages  in  the  Potential  Circuit. 


By  means  of  the  resistance  AR  (Fig.  456),  the  magnitude  of  the  cur- 
rent OC  may  be  either  increased  or  decreased,  thereby  shifting  the 
position  of  the  resultant  magnetic  field  OD  until  a  phase  relation  of 
exactly  90  degrees  is  obtained  between  OA  and  OD. 

The  e.  m.  f.  and  current  induced  in  the  closed  circuited  armature, 
or  disk,  and  light  load  adjusting,  or  compensating,  coil  are  not  shown 
in  the  diagram,  as  they  are  at  all  times  practically  in  phase  with  the 
e.  m.  f.  and  current  OE  and  OC. 

When  the  resultant  potential  circuit  field  OD  lies  90  degrees  from 
OA,  the  meter  will  accurately  register  the  energy  on  inductive  and 
non-inductive  loads. 

Friction  corripensation  is  obtained  by  placing  around  the  potential 
field  core  a  movable  copper  turn,  or  closed  secondary,  LLA   (Fig.  456). 
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The  turn  is  made  to  fit  closely  over  the  lower  end  of  the  core  of  the 
potential  field  and  has  internal  dimensions  large  enough  to  permit  moving 
it  horizontally  either  to  the  right  or  left. 

The  effect  of  the  closed  secondary  turn  is  practically  the  same  as 
the  effect  produced  by  the  shading  ring,  or  coil,  on  the  pole  of  a 
single-phase  induction  motor. 

Assuming  that  the  secondary  turn  is  not  present,  it  is  evident  that 
with  current  in  the  potential  circuit  and  no  current  in  the  series  cir- 
cuit, the  field  of  the  potential  coil  would  be  magnetically  balanced. 
Introducing  the  secondary  turn  centrally  with  respect  to  the  magnetic 
field  would  not  alter  the  balanced  condition. 

Moving  the  turn  in  either  direction  would  produce  a  slightly  un- 
symmetrical  condition  of  the  field,  which  would  result  in  a  torque. 
This  unbalanced  condition  is  due  to  the  reactive  effects  of  the  field  of 
the  secondary,  which  would  then  be  greater  on  one  side  of  the  poten- 
tial circuit  field  pole.  This  produces  the  effect  of  a  slight  rotating 
field.  The  turn  may  be  adjusted  to  such  a  position  that  the  unbal- 
anced field  will  produce  just  sufficient  torque  to  overcome  the  fric- 
tion of  the  moving  element. 

The  Thomson,  alternating  current,  induction  watt-hour  meters  arc 
classed  as  High  Torque,  Types  I,  1-8,  IP-2,  IP-3,  IP-4,  IS,  IS-2,  IS-3, 
I-io,  IB,  IB-2,  lB-3,  IB-4,  D-3,  D-4,  DS-2,  DS-3,  DS-4  and  DS-5. 

The  I  types  include  the  single-phase  or  balanced  polyphase  forms, 
and  the  D  types  represent  the  universal  polyphase  forms. 

The  induction  watt-hour  meter  is  provided  with  a  light  load  ad- 
justment which  can  be  used  to  correct  for  variations  in  local  condi- 
tions. The  device  consists  of  a  movable  sector  located  between  the 
poles  of  an  electromagnet. 

Standing  so  that  the  device  is  brought  directly  between  the  ob- 
server and  the  shaft  of  the  moving  element  of  the  meter,  moving 
the  sector  toward  the  right  increases  the  speed  at  light  loads;  mov- 
ing it  toward  the  left  causes  the  meter  to  run  more  slowly  at  light 
loads  and  also  tends  to  prevent  creeping.  If  the  sector  is  moved 
too  far,  so  as  to  pass  beyond  the  field  of  the  electromagnet,  hs 
effects  will  be  correspondingly  diminished.  The  movement  affects 
only  the  light  load  accuracy  of  the  meter  and  has  no  effect  upon  the 
full  load;  therefore,  it  is  not  necessary  to  recalibrate  the  watt-hour 
meter  after  making  this  adjustment. 

Owing  to  its  lightness,  there  may  be  a  tendency  under  certain  con- 
ditions for  the  moving  element  of  these  watt-hour  meters  to  creep 
on  no  load,  even  when  the  light  load  adjustment  is  properly  set. 
To  counteract   this   in   High   Torque   and   earlier  types   an   iron   wire  is 
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fastened  to  the  disk  adjacent  to  the  hub.  This  wire  should  not  be 
moved  unless  it  is  found  that  creeping  exists.  The  wire  should  then 
be  slightly  inclined  radially  away  from  the  shaft.  Care  must  be  exer- 
cised in  doing  this,  as  too  much  of  a  movement  will  prevent  the  meter 
starting  at  sufficiently  light  load.  Moving  the  wire  toward  the  shaft 
will  tend  to  make  the  meler  run  taster  on  light  load.  On  High  Torque 
watt-hour  meters  this  iron  wire  is  placed  around  the  hub  parallel  with 
the  disk  and  may  be  bent  to  or  from  the  shaft. 


FIC.  4SS.— Thmnon,  Type  DF-i.  High- Torque.  Single-phase.  Induction  Walt-hour  M^ter. 

The  adjustment  when  properly  made  will  not  in  any  way  interfere 
with  the  running  of  the  watt-hour  meter,  but  will  prevent  creeping 

In  the  types  I  and  D,  the  tendency  to  creep  is  counteracted  by  two 
small   holes   in   the  disk. 

The  following  is  given  as  an  explanation  of  the  ugnificance  of  the 
letters  used  in  designating  these  types  of  Thomson,  alternating  cur- 
rent, induction  watt-hour  meters; 

High  Torguc — House  service,  singlc-pliasc  type.  Replaced  C-4,  now 
obsolete.     Superseded  by  Type  I   (Fig.   458). 

Type  I         — House  service,  single-phase  type- 
Type  1-8     — Similar  to  Type  I,  except  Ihal  terminals  are  in  separate 

compartment. 
Type  lP-2  — Prepayment  type;  combination  of  separate  prepayment 

attachment  and  watt-hour  meter. 
Type  IP-3  — Superseded  IP-2.  with  radical  change  of  design.     Pre- 
payment   feature    and    watt-hour    meter    in    the    same 
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Type  IP-4  — Superseded    IP-3,   with   cKange    in   operating   knob    and 

other  details. 
Type  I-io    — Low  capacity,  house  service,  single-phase  type. 
Type  IS       — Switchboard,  single-phase  type. 


jI  Thomson,  Type  I,  High-Torque.  Singie-phnse,  InductEpn  Watt-hour  Metei. 


Exccmal  View  of  Thomson,  Rectangulur  Paltem,  Ti-pe  DF-J,  Polyphase,  Induction 

Fig.  4S9. 
Type  lS-2  — Same  as    IS,   except   mechanical   details   and    damping 

Type  IS-3    —Same  as   IS-2,  except  that   it   has  glass  cover. 

Type  DF-J— Polyphase   reetanRular  pattern   (Fig.  459).     Superseded 

by  Type   U-3. 
Type   D-3    — House  service,   polyphase  lype. 
Type  D-4    — Similar  to  D-3.  except  separate  lerniinal  compart  men  I. 
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Type  DS-2 — Switchboard,  polyphase  type,  with  cast  metal  cover. 

Type  DS-3 — Same  as  DS-2,  except  that  it  has  glass  cover. 

Type  DS-4 — Supersedes  Type  DS-2,  with  slight  difference  in  loca- 
tion of  electrical  elements. 

Type  DS-5 — Supersedes  Type  DS-3,  with  slight  difference  in  loca- 
tion of  electrical  elements. 

Type  IB      — Portable    rotating    standard    type,    with    characteristics 

similar  to  Type  IS  in  some  respects. 

T^'pe  IB-2  — Supersedes  Type  IB,  with  changes  in  damping  system. 

Type  IB-3  — Similar  to  Type  IB-2,  except  that  range  was  extended 

and  details  changed. 

Type  IB-4  — Similar  to  Type  IB-3,  except  minor  details. 

The  Type  I  Thomson  watt-hour  meter  was  designed  for  house 
service  for  use  upon  single-phase,  two-  or  three-wire,  or  balanced 
three-phase  circuits.  It  is  built  self-contained  in  capacities  of  3,  5, 
10,  15,  25,  50,  75,  100,  150,  200  and  300  amperes,  o  to  650  volts,  25 
cycles  and  above,  for  two-wire  and  balanced  three-phase  circuits; 
and  3,  5,  10,  15,  25,  50,  75,  100  and  150  amperes,  200  to  650  volts,  25 
cycles  and  above,  for  three-wire  circuits.  For  three-wire  circuits 
above  150  iimperes,  transformers  are  employed   (Fig.  460). 

This  type  of  watt-hour  meter  can  be  furnished  double  lagged  for 
60  cycles  and  a  higher  frequency.  By  changing  the  connections 
inside  of  the  meter,  it  may  be  used  for  either  frequency  for  which 
it  is  rated  without  recalibration. 

This  meter  is  finished  in  dull  black  japan,  the  cover  being  pro- 
vided with  glass  windows  for  observing  the  operation  of  the  moving 
element  and  for  reading  the  meter  registers.  When  so  desired  a  molded 
glass  cover  can  be  furnished. 

The  leading-in  wires  enter  into  the  binding  posts  located  at  the 
sides  of  the  meter. 

This  type  was  produced  in  December,   1903. 

The  Type  1-8  Thomson  watt-hour  meter,  like  the  Type  I,  was 
designed  for  house  service,  and  is  built  in  capacities  of  3,  5,  10,  15, 
25,  50  and  75  amperes,  o  to  650  volts,  25  cycles  and  above,  for  use 
upon  two-  or  three-wire  single-phase,  and  balanced  three-phase  cir- 
cuits. 

This  watt-hour  meter  is  essentially  the  same  as  the  Type  I,  except 
that  the  terminals  are  located  in  a  separate  compartment  at  the  bot- 
tom of  the  watt-hour  meter,  permitting  the  connection  being  made 
without  removing  the  cover  of  the  meter  proper   (Fig.  461). 

For  gaining  access   to  the  jewel  screw   when   watt-hour  meter  is 
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1,  Type  I  High-Torque.  Single-phue,  Induction  Wiitl 


1  u{  Thumuo,  Type  I.  High- Torque.  Single-phox.  Induction  Wat i 
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seated,  the  meter  cover  is  drilled  directly  below  the  jewel  screw  and 
by  removing  the  terminal  cover  the  jewel  may  be  readily  removed 
for  inspection  or  replacement.  Replacing  the  terminal  cover  pre- 
vents further  access  to  the  jewel  screw. 

This  watt-hour  meter  element  is  electrically  identical  with  the 
Type  I,  and  same  data  applies. 

This  type  was  produced  in  March,  1906. 

The  Type  IP'2  Thomson  prepayment  watt-hour  meter  was  a  com- 
bination of  a  separate  prepayment  attachment  and  watt-hour  meter, 
the  prepayment   mechanism  which  is  of  the  well-known  "Wood" 


Plo.  461.— Biteroil  Visw  of  Thomaon,  Type  I-B.  High-Torque,  Singli-iihaK,  Induction  Watt- 
hcui  MetET. 

construction,  being  mounted  on  the  top  of  the  watt-hour  meter 
proper,  the  gearing  and  actuating  mechanism  being  directly  con- 
nected to  the  recording  mechanism  of  the  meter. 

This  type  of  watt-hour  meter  was  built  in  capacities  of  3,  S,  10, 
15  and  25  amperes,  100  to  250  volts,  25  cycles  and  above,  for  two-wire 
circuits,  and  200  to  250  volts,  25  cycles  and  above,  for  three-wire  cir- 
cuits, and  was  adapted  for  either  a  ten  or  twenty-iive  cent  coin. 

This  meter  was  furnished  in  black  japan,  the  cover,  as  in  the  other 
forms  of  induction  watt-hour  meters,  being  provided  with  register 
and  moving  element  windows. 

This  type  was  produced  in  September,  1905. 

The  Type  IP-3  Thomson  prepayment  watt-hour  meter  w^j  %  radi- 
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cal  redesign,  and  superseded  the  Type  IP-2  watt-hour  meter.  The 
same  improved  design  and  construction  of  mechanism  are  incorpo- 
rated in  the  CP-3  prepayment  meter. 

The  watt-hour  meter  and  prepayment  mechanism  are  housed  in 
the  same  case,  and  are  accessible  for  adjustment  by  removing  the 
meter  cover.  The  coin  box  may  be  emptied  by  the  collector  with- 
out removing  the  meter  cover,  and,  conversely,  removal  of  the  meter 
cover  does  not  permit  of  access  to  the  coin  box. 

For  convenience  in  reading  the  register  and  noting  the  number  of 
coins  to  consumer's  credit,  the  coin  register  and  watt-hour  meter 
register  dial  plate  are  combined,  the  hand  indicating  the  coins  to 
credit  being  directly  above  the  dials  of  the  dial  plate. 

Like  the  IP-2  meter,  the  Type  IP-3  is  built  in  capacities  of  3,  5. 
10,  15  and  25  amperes,  100  to  250  volts,  25  cycles  and  above,  for  two- 
wire  circuits,  and  200  to  250  volts  for  three-wire  circuits. 

This  type  was  produced  in  September,  1908. 

The  Type  IP-4  Thomson  prepayment  watt-hour  meter  supersedes 
the  Type  IP-3,  and  is  the  same  throughout,  except  that  the  operat- 
ing knob  is  now  fastened  in  the  cover  and  opersttcs  the  prepayment 
mechanism  through  a  driving  dog,  thus  preventing  injury  of  the 
mechanism  by  any  strain  on  the  knob   (Fig.  462). 

The  Type  IP-4  meter  element  is  electrically  identical  with  the 
Type  I,  and  same  data  applies. 

This  type  was  produced  in  October,  1908. 

The  Type  I- 10  Thomson  watt-hour  meter  was  designed  to  meet 
the  demand  for  a  low  capacity,  single-phase,  two-  or  three-wire  house 
meter. 

This  type  of  watt-hour  meter  is  different  in  construction  and 
appearance  from  any  type  of  induction  watt-hour  meter  previously 
put  on  the  market  by  the  General  Electric  Company  (Fig.  463). 

The  electrical  properties  are  little  different  from  the  Type  I  watt- 
hour  meter. 

The  full  load  adjustment  is  accomplished  by  shunting  the  flux  of 
the  magnet  about  the  disk  instead  of  moving  the  magnets,  as  in  the 
Type  I.  The  dial  face  has  three  dials.  This  watt-hour  meter  is 
circular  in  form,  the  cover  screws  into  place,  similar  to  the  top  of 
a  fruit  jar,  and  it  has  a  molded  terminal  block  at  the  bottom  of  the 
meter  base  into  which  the  leading-in  wires  pass.  The  jewel  and 
pivot  are  removable  and  the  friction  compensation  is  adjustable  to 
allow  for  wear.  The  dials  read  in  kilowatt-hours,  and  the  dial  face 
is  of  dull  finish  porcelain.  The  meter  back  and  cover  are  finished  in 
lull  black  japan. 
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This  type  was  produced  in  1910. 

The  Type  IS  Thomson  watt-hour  meter  was  designed  for  switch- 
board use  on  single-phase,  two-  and  three-wire  circuits  and  balanced 
three-phase  circuits.  In  this  type  the  drag  magnets  are  not  movable. 
Full  load  adjustment  is  accomplished  by  shunting  more  or  less  of 
the  magnetic  lines  of  force. 


Pig.  4(^1.— Thomson,  Type  IP- 4, Prepayment,  SinEle-phase.  Induction  Watt-hour  Meier, 

In  order  to  do  this,  the  meter  has  four  angle  irons  fastened  at  the 
front  of  the  magnets.  Moving  these  irons  nearer  together  will  make 
the  meter  run  faster,  while  moving  them  apart  will  make  it  run 
more  slowly. 

A  small  rectangular  conductor  located  below  the  potential  coil 
provides  for  light  load  adjustment. 

The  movement  of  this  conductor  is  controlled  by  a  lever  at  the 
upper  left-hand  side  of  the  meter.    To  change  the  adjustment,  loosen 
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Ihe  screw  r.nd  move  the  lever  to  the  right  or  left,  as  required. 
Moving  the  lever  to  the  right  increases  the  speed  on  light  load, 
while  a  movement  to   the  left  decreases  it. 

Changing  the  position  of  this  adjusting  device  affects  only  the 
light  load  of  the  meter;  it  is,  therefore,  unnecessary  to  recalibrate 
on  full  load  after  it  has  beer  moved. 

This  type  was  produced  in  October,  igoj. 

The  Types  IS-2  and  IS-3  Thomson  watt-hour  meters  superseded 
the  Type  IS  watt-hour  meter. 

The  Type  IS-a  is  the  same  as  the  Type  IS.  with  the  exception  of 
changes  in  the  mechanical  construction  and  damping  mechanism. 
The  damping  mechanism  is  identical  with  that  of  the  Type  I  watt- 


:1 


hour  meter,  and  the  moving  element  is  the  same  as  the  Type  IS.  The 
terminals  and  frames  have  been  modified.    The  cover  is  of  cast  iron. 

This  type  was  produced  in  May,  1905  (Fig,  464). 

The  Type  IS-3  meter  is  identical  with  the  IS-2  except  for  the 
cover,  which   is  of  glass   (Fig.  465). 

This  type  was  produced  in  January,  iyo6. 

The  Type  D-3  Thomson  watt-hour  meter  is  designed  for  house 
service,  for  use  upon  two-phase,  three-phase  and  monocyclic  circuits 
of  balanced  or  unbalanced  loads.  It  is  built  self-contained,  in  capac- 
ities of  3,  5,  10,  15,  25,  50,  75,  100  and  150  amperes,  o  to  (Sso  volts, 
25  cycles  and  above,  for  use  upon  four-wire,  two-phase,  three-wire, 
two-  and  three-phase  and  monocyclic  circuits,  and  in  capacities  of  3, 
5,  10,  IS,  25,  50  and  75  amperes,  o  to  650  volts,  25  cycles  and  above, 
for  use  Upon  four-wire,  three-phase  circuits   (Figs,  466  and  467). 

As  in  the  case  of  Type  I  watt-hour  meters,   this  type  of  meter 
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may  be  used  for  switchboard  service  with  good  results,  where  a 
back-contiected  meter  is  not  desired. 

This  meter  is  finished  in  dull  black  japan,  the  cover  being  pro- 
vided with  Rlass  windows  for  observing  the  operation  of  the  moving 
clement  and   for  reading  the  meter  dials. 

The  leading-in  wires  enter  into  binding  posts  located  at  the  sides 
of  the  meter. 


J.  4O8.— Thransnn.  Type   D-4, 


The  Type  D-4  Thomson  wall-hour  meter,  like  Ihe  Type  D-3.  is  de- 
signed for  house  service  and  is  built  in  capacities  of  3,  5,  10,  15,  25,  50 
and  ?5  amperes,  o  lo  650  volts,  25  cycles  and  aliove,  for  use  upon  three- 
wire,  two-  and  three-phase  and  monocyclic,  four-wire,  two-  and  three- 
phase  circuits.  This  type  of  wait-hour  nicler  is  in  general  similar  10 
the  Type  D-3  except  that  the  lerniinals  are  located  in  a  separale  com- 
partment at  either  side  of  fhe  meter  back,  permitting  the  connections 
being  made  wiihouf  removing  the  cover  of  the  meter  proper   {Fig,  468). 

This  type  was  produced  in  March,   1906. 

The  Types  DS-2  and  DS-3  Thomson  watt-hour  meters  were  designed 
for  switchboard  service  for  use  upon  two -phase,  three -phase  or  mono- 
cyclic circuits  of  balanced  or  unbalanced  loads.     They  are  built  self-con- 
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tained  in  capacities  of  %  5,  10,  15,  35,  50,  75,  100  and  150  amperes,  o  to 
650  volls,  25  cycles  and  above,  for  use  upon  four-wire  two-phase,  three- 
wire,  two-  and  three-phase  and  monocyclic  circuits,  and  in  capacities'  of 
3,  5,  10,  IS,  25,  50  and  ?5  amperes,  o  to  650  volts,  25  cycles  and  above 
for  use  upon  four-wire  three-phase  circuits. 

The  former  type  of  wait-hour  meter  has  a  cast  metal  cover,  surface 
of  which  is  pebbled  and  provided  with  glass  windows  for  observing 
the  operation  of  the  moving  element  and  for  reading  the  dials  (Fig.  469). 

The  tatter  type  of  w  at  I -hour  meter  has  a  rectangular  glass  cover 
(Fig,  470). 

The  current  and  potential  circuits  of  these  meters  are  independent  of 


P[C.  469.— Thomion.  Typa  DS-i.  Poly-  Fio.  470.— Thonuon,  Type  CS-j.  Paljphue. 

pbue.  Induction  Watt-hour  Het«.  Induclioa  WUt-houi  Meter. 

each  other,  hence,  these  meters  are  interchangeable  for  use  with,  or  with' 
out  transformers. 

The  types  DS-2  and  DS-3  meters  are  finished  in  dull  black,  the  raised 
portion  of  the  Type  DS-2  meter  being  finished  in  polished  copper. 

Type  DS-2  was  produced  in  July,   igo6,  and  Type  DS-3  in  May,   1906. 

The  Types  DS-4  and  DS-S  Thomson  watt-hour  meters  superseded  re- 
spectively the  Types  DS-2  and  DS-3   (Figs.  471  and  472). 

The  same  general  characteristics  arc  maintained  in  the  Types  DS-4  ^nd 
DS-S  watt-hour  meters  as  in  the  Types  DS-2  and  DS-3,  the  slight  differ- 
ence being  .in  the  location  of  the  electrical  elements. 

Electrical  data  the  same  as  for  Type  D-3, 

Types   D-4  and   D-j   were  produced  in   August,   1908, 

The  Type  IB  Thomson  portable,  rotating  standard  represents  the 
first  induction  portable  rotating  standard  manufactured  by  the  General 
1^  Electric  Company. 
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Fio.  4T>- — Thonwoo,  Type  DS-4,  PolyphaK.  Induction  Watt-hour  Meter. 

This  typ«  of  watt-hour  meter  was  built  in  some  respects  similar  to 
the  Type  IS  meter,  the  magnetic  element  and  damping  system  of  the 
latter  meter  being  embodied. 

In  the  Type  IB-2  Thomson  portable,  rotating  standard,  the  use  of  the 


cCtS-t.  Polimtiw.  T 
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damping  system  of  the  IS  meter  was  discontinued  and  ihe  damping  Sys- 
tem of  the  Type  I  meter  adopted.  Modifications  in  general  were  made 
to  adapt  the  meter  to  the  requirements  of  the  operating  companies. 

The  Types  IB  and  IB-2  meters  were  built  with  capacities  of  i,  10  and 
20  amperes. 

Upon  the  designing  of  the  Type  IB-3  Thomson  portable  rotating 
standard,   the   range   was   increased,    this   type   of   watl-hour   meter   being 


built  in  capacities  of  i,  to  and  20  amperes,  and  1,  5,  10,  50  and  100  am- 
peres. In  previous  types  of  meter,  the  one  ampere  circuit  was  protected 
by  a  fuse  plug  of  the  type  commonly  used  in  wiring.  In  ihe  Type  IB-2 
meters,  a  new  design  of  fuse  plug  was  incorporated,  which  permitted  of 
the   renewing  of  the   fuse   without   replacing   the   entire   plug. 

In  low  capacity  meters,  i.e..  i,  10  and  io  amperes,  the  one  ampere 
rcuit  is  protected  by  a  fuse,  and  in  the  high  capacity  meters,  i.  e..  i.  s. 
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10,  50  and  100  amperes,  ihe  i  and  10  ampere  circuits  are  protected  by 
fuses. 

The  Type  IB-4  Thomson  portable,  rotating  standard  differs  in  minor 
mechanical  details  only  from  the  Type  IB-3,  having  the  same  electrical 
characteristics   (Figs  473  to  477). 

Data  on  performance  of  Types  1,  1-8  and  IP-4  watt-hour  meters 
are  given  below: 

Speed  of  moving  element  a(  full  load 30    rev.  per  min. 

Torque   at    no   volts 77     mm-g. 

Weight   of   moving   element 33     grammes 


Fig.  474.— Internal  View  of    Thomson,  Type  IB-4.    High- Torque.  Sinele-phaw.  InducI 
Rotating  Standard,  Low  Capacity. 

Ratio  of  torque  to  weight 2.33 

Watt  loss  in  potential  circuit,   110  volts 3 

Watt  loss  in  series  circuit 0.86 

Similar  data  on  Type  I-io  watt-hour  meters  follow: 

Speed  of  moving  element  at  full  load 36       rev.  per  n* 

Torque  at  no  volts 46.6     mm-g. 

Weight  of  moving  element 26.24  grammes 

Ratio   of  torque  to  weight 1.77 

Watt  loss  in  potential  circuit,   1  [o  volts 2.5 

Watt  loss  in  series  circuit,  full  load o.gS 
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Similar  data  on  Types  IS,  IS-2  and  IS-3  watt-hour  meters  follow: 

Speed  of  moving  element  at  full  load 30     rev.  per  mil 

Torque  at   full   load,    no  volt,   60  cycles 77     mm-g. 

Weight  of  moving  element 99    grammes 

Ratio  of  torque  to  weight..... 2.65 

Watt  loss  in  potential  circuit,  100  volts,  60  cycles 1.25 

Watt  loss  in  current  circuit,  full  load,  10  amperes i.o 


Pio.  417. — InCctoal  Cooaections  of  Thomson,  Typu  IB-i  and  IB-4,  Single-phase.  Inductioa 
Rotating  Stuidard,   1 -5-10-50-100  Amperes.  Single  and   Double  Volcsge.  or  Doable 

Similar  data  on  Types  D-3,  D-4  and  D-5  watt-hour  meters  follow : 

Speed  of  moving  element  at  full  load 30     rev.  per  min.   (Approx.) 

Torque  at  full  load,  no  volt,  60  cycles 150    mm-g. 

Weight  of  moving  element 69     grammes 

Ratio  of  torque  to  weight 2.23 

Watt  loss  in  potential  circuit,  no  volt,  60 

cycles,   2   elements 2,5 

Walt  loss  in  current  circuit,  full  load 1.25  at  5  amp.  to  14.25  at  15c 
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Connections   for  Double  Lag   Adjustment  and   Separate  Potential 

Testing 


^ 


^ 


Fig.  478. — Connectiona  of  Thomaon,  Type  I.  Single-phaae.  Induction,  House  Pattern  Watt- 
hour  Meters,  Showing  Method  of  Making  Connections  for  Double  Lag  Adjustment. 

This  dcetch  shows  the  connections  made  for  the  higher  of  the  two  frequencies.  If  it  is 
desired  to  run  the  meter  on  a  lower  frequency,  disconnect  the  wire  A  from  B  and  solder 
A  to  C.  Make  a  soldered  connection  between  D  and  B.  No  other  change  is  required 
except  that  it  may  be  necessary  to  readjust  on  light  load. 


Fig.  479- — Connections  of  Potential  Circuit  of  Thomson,  Tsrpe  1-8,  Single-phase.  Induction. 
House  Pattern  Watt-hour  Meters,  Showing  Method  of  Making  Connections  for  Double 
Lag  Adjustment. 

For  lower  frequendes  A  must  be  soldered  to  C  and  D  to  B.  For  higher  frequencies  A 
must  be  sddered  to  B  and  D  and  B  left  open  circuited. 

Testing  Loop:  If  it  Is  desired  to  test  meter  on  separate  potential  circuit,  M  and  N  should 
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3  to  tOOompA. 
Sond  <3  y^ire. 


ZOO  an€f  300  arnps.  ^•v/>#. 

Fig.  480. — Connecticns  of  Thomson,  Type  I,  Single-phase,  Induction,  House  Pattern  Watt- 
hour  Meters,  Showing  Method  of  Making  Connections  foi  Testing  upon  Separate  Potential. 
If  it  is  desired  to  test  with  separate  potential  connections,  unsolder  H  and  J.  Connect 
J  to  one  side  06  the  source.  In  two-wiie  meters  and  in  three-wire  150  amp.  meters,  con- 
nect the  opposite  side  of  souice  to  uppei  right-hand  terminal.  In  three-wire  meters  3  to 
100  amps,  connect  opposite  side  of  source  to  central  right-hand  terminal. 
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External  Connection  Diagrams 
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Pig.  481. — ^External  Connections  of  Thomson,     Pig.  482. — External  Connections  of  Thomson, 


Type  I,  Single-phase,  Induction  Watt-hour 
Meters,  3- 100  Amps.,  0-650  Volts,  25-140 
Cycles,  2- wire,  without  Instrument  Trans- 
formers. 


Tyi>e  I,  Single- phase.  Induction  Watt-hour 
Meters,  150-300  Amps.,  0-650  Volts,  25- 
140  Cycles,  2-wirc.  without  Instrument 
Transformers. 


Pic.  483. — ^External  Connections  of  Thomson, 
Type  I»  Single-phase,  Induction  Watt-hour 
Meters.  3  to  25  Amps..  200-650  Volts.  25- 
140  Cycles,  3-wire,  without  Instrument 
Transformers,  Pront  View.  50  to  100 
Amps..  200-650  Volts,  25-75  Cycles,  .j-wlro. 
without  Instrument  Transfonncrs. 
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Pig.  484. — External  Connections  of  Thom- 
son, Type  I,  Single-phase,  Induction  Watt- 
hour  Meters.  50  to  100  Amps.,  200-<>50 
Volts,  76-140  Cycles,  3-wirc,  without 
Instrument  Transformers. 
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Pig.  485. — ^External  Connections  of  Thomson,  Type  I,  Single-phase.  Induction  Watt-hour 

Meters,  with  Instrument  Transformers. 
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tiona  of  Thomioo.  Type  tions  of  ThoTOKro. 
I-B.  Sinele-phue  Vatl-  1-8,  Siogle-phue  1 
hour  Mgten.  3-7S  Amp*.,  hour  Meters,  j-JJ  A 
o-ASo  Volts,  a  win.  13-140  30oH:>sa  Volts,  3-win 
Cycles,  without  laslnimcat  14a  Cycles,  without  Ii 
ment  Tnuuformcn. 


Amps.,  o-^So  Volts,  a-wlrc. 
15-140  Cycles,  with  Cumnt 


Fig.  4S9.— Biternal  Connectic 
Type  1-8.  Singlo  phase.  Induction  Watt- 
hour  Msten,  above  75  Amps..  0-650  Volts. 
3-wiiB,  15-140  Cycles,  with  Potni  DM-16 
CuilBlt  Tnndomien. 
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Pig.  490. — Eitarnal  Connections  ol  Thom- 
son. Type  I-S.  ^ngla-phue.  Induction 
Watt-houT  Meteis.  abova  6sa  VolU. 
J-wire.  IS-140  Cycles  with  Current  and 
VoItaEB  TiuKfoiiiier*.  ^ 
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Fig.  49 1. — External  Connections  of  Thomson,  Type  I-io,  Single-phase,  Induction  Watt-hour 

Meters.  5-10  Amps.,  100-240  Volts,  a-wire. 


Flo.  4yi. — Extcnial  Connections  of  Thom.son,  Type  I-io,  SuiKlc-phasc,  Induction  Watt^buui 

Meters,  s-io  Amps.,  200-240  Volts,  3-wirc. 
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Pig.  493. — External  Connections  of  Thomson,  Type  IP-4,  Single-phase,  Prepayment,  Induc- 
tion Watt-hour  Meters,  3-25  Amps.,-  0-250  Volts,  2-wire,  25-140  Cycles,  without  Instru- 
ment Transformers. 


3IV/>-v 


Pig.  494. — External  Connections  of  Thomson,  Type  IP-4,  Single-phase,  Prepayment,  Induc- 
tion Watt-hour  Meters,  3-25  Amps.,  0-250  Volts.  3-wire,  25-140  Cycles,  without  Instru- 
ment Transformers. 
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— Eitemal  Connection*  of  Thomson.  Type  D-j.  Pfdyphoit.  Induction  Watt-how 
=n.  3-iSO  Ampi..  a-6jo  Volti.  :;  Cycles  and  above;  4-wirc,  2-plus«  Clrcuiu 
out  Initrunient  Tnuisfomen.     Pnut  View. 
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U«t«n,  abova  ija  Amp*.,  not  i 
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Fig.  497. — External  Connections  of  Thomson,  Type  D-3i  Polyphase,  Induction  Watt-hour 
Meters,  above  1150  Volts,  25  Cycles  and  above;  4-wire,  2-phase  Circuits  with  Current 
and  Voltage  Transformers.     Front  View. 
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Pic.  498- — External  Connections  of  Thomson,  Type  D-3.  Polyphase,  Induction  Watt-hour 
Meters,  3-150  Amperes.  0-^50  Volts,  25  Cycles  and  above;  3-wire,  2-  and  3-phase  and 
Monocyclic  Circuits  without  Instrument  Transformers.     Front  view. 

On  3-wire,  d-phase  circuits,  wire  "A"  should  be  the  common  return;  on  monocyclic 
circuits,  wire  "A"  must  be  the  teaser  wire. 
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Pig.  499. — ^External  Connections  of  Thomsoo.  Type  D-3,  Polsrphase.  Induction  Watt-hour 
Meters,  above  150  Amperes,  not  exceeding  X150  Volts,  25  Cycles  and  above;  s-wire, 
2*  and  3-phafle  and  Monocyclic  Circuits,  with  Current  Tranrfonners.     Front  View. 

On  3-wire,  2-phase  circuits,  wire  "A"  should  be  the  common  return;  on  monocyciic 
circuits,  wire  "A"  must  be  the  teaser  wire. 
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Fig.  500. — Eitsmal  Coniuctloos  of  Thonuon.  Type  D-3.  Polyphue,  Inductio 
Mstaim.  mbove  1150  VolU,  35  Cydea  uid  above;  j^win,  1-  •od  3-pbKM  uic 
Ciicnlts:  with  Currant  ud  VolUc<  Tnuufonnera. 

On  3-win>  a-phaM  dicult*.  win  "A"  ihould  be  tba  cxnimoa  ratuin;  oi 
drcnlti,  wire  "A"  miut  be  the  teuer  wire. 
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s,  SOI.— EnWraal  Connections  of  Thomson,  Type  D-4.  P 
Met«n.  Above  75  Amperct.  not  exceeding  1x50  Volta. 
a-phiuB  CircuiU  with  Cunent  Trsosfoiraen.     Front  Viei 
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Pig.  504> — Dimensions  of  Thomson,  Type  I.  Single-phase,  Induction  Watt-hour  Meters.  50* 
100  Amperes,  0-650  Volts,  25-140  Cycles,  2-wire  with  and  without  Instrument  Trans- 
foimers. 

SO-xoo  Amperes,  300-650  Volts,35-75  Cycles  (Single  Lag  Adjustment)  3'Wiie  without 
Instrument  Transformers. 
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Pig.  507. — Dimeasions  of  Thomson*  Type  1-8,  Single-phase.  Induction  Watt-hour  Molers, 
75'.  Amperes.  0-650  Volts,  25-140  Cycles,  a-  and  ^-wire  with  and  without 
Txmnaformexs. 


so- 
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Pic.  508. — Dimensioiis  of  Thomson.  Type  I-zo,  Siaeie-pluwe.  Induction  Watt-hour  Meters. 
S-xo  Amperes.  100-240  Volts.  2-wtre.  300-240  Volts,  3-wire,  60  Cycles. 
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Fig.  soq. — Dimensions  of  Thomson,  Type  D-3,  Polyphase,  Induction  Watt-hour  Meters,  3-' 
Amperes,  0-650  Volt?,  25  Cycles  and  above;  all  Circuits  with  and  without  Instrumei 
Transformers. 
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Pig.  sio. — Dimensions  of  Thomson.  Type  D-3,  Polyphase,  Induction  Watt- Hour  Meters, 
xoo- 150  Amperes,  0-650  Volts.  25  Cycles  and  above;  all  Circuits  without  Instrument 
Transformers. 

4-wire,  3-phase  meter  made  self-contained  up  to  75  amperes  only. 
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pig.  sii  — Dunensians  of  Thomson.  Type  D-4.  Polyphiuie.  Induotion  Wltt-houi  Melon. 
3-75  Amperes,  0-650  Volts.  35  Cyclea  end  above;  ell  Circuits  with  and  irlthout  Instiu- 
ment  Tfanslotroeis. 
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WESTINGHOUSE    ALTERNATING    CURRENT    WATT-HOUR 

METERS 

The  Westinghouse  induction  watt-hour  meter  for  alternating  current 
circuits  is  in  principle  an  induction  motor  generator  provided  with  a 
suitable  registering  mechanism. 

Every  commercial  watt-hour  meter  of  this  tjrpe  is  made  up  of  a  num- 
ber of  elements,  described  below.  Each  of  these  elements  and  parts  has 
certain  functions,  and  is  therefore  necessary  to  the  successful  operation 
of  the  meter.  On  the  other  hand,  each  element,  unless  correctly  de- 
signed, may  introduce  a  source  of  inaccuracy.  These  elements  are: 
the  field  producing  element;  the  moving  element;  the  retarding  ele- 
ment; the  registering  element;  the  mounting  frame  and  bearings;  the 
friction  compensator;  the  power- factor  and  frequency  adjustment;  the 
case  and  cover. 

The  field  producing  element  consists  of  the  electromagnetic  circuit 
and  the  measuring  coils.  One  of  these  coils,  connected  in  series  with 
the  circuit  to  be  metered,  is  wound  of  few  turns  and  is  therefore  of 
low  inductance.  The  current  through  it  is  in  phase  with  the  cur^'ent  in 
the  metered  circuit.  The  other  coil,  connected  across  the  circuit,  is 
highly  inductive,  and  therefore  the  current  in  it  is  nearly  90  degrees 
out  of  phase  with  and  proportional  to  the  voltage  of  the  metered  cir- 
cuit across  its  terminals.  Therefore,  when  the  current  in  the  circuit 
is  in  phase  with  the  voltage  (100  per  cent  power-factor)  the  currents 
in  the  meter  coils  are  displaced  almost  90  degrees  with  respect  to 
each  other.  This  angle  is  made  exactly  90  degrees  by  means  of  the 
**  power-factor  adjustment."  The  coils  are  so  mounted  on  the  core 
that  the  currents  in  them  produce  a  rotating  or  shifting  field  in  the 
air  gap,  in  somewhat  the  same  manner  that  the  currents  in  the  pri- 
mary windings  of  an  induction  motor  produce  a  rotating  field.  The 
strength  of  this  shifting  field  with  90  degrees  phase  difference  be- 
tween the  current  in  the  two  coils  is  therefore  proportional  to  the 
product  of  the  current  and  voltage  in  the  metered  circuit.  At  any 
other  power-factor  the  field  is  proportional  to  this  product  mul- 
tiplied by  the  sine  of  the  angle  of  phase  difference  between  the 
two  watt-hour  meter  currents.  If  the  current  in  the  potential 
coil  is  exactly  in  quadrature  with  the  voltage  of  the  metered  cir- 
cuit, at  any  power-factor,  the  sine  of  the  angle  of  phase  differ- 
ence between  the  currents  in  the  watt-hour  meter  circuits  will  be 
equal  to  the  cosine  of  the  angular  displacement  between  the  current  and 
the  voltage  in   the  metered  circuit.     Under  these  conditions,   therefore, 
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the  strength  of  the  shifting  field  is  proportional  also  to  the  power- 
factor  of  the  circuit.  In  other  words,  the  strength  of  the  rotating 
fields  is  proportional  to  the  product  of  the  volts,  amperes  and  power- 
factor,  and  is  therefore  a  measure  of  the  actual  power. 

The  shifting  nature  of  the  field  produced  can  be  shown  by  reference 
to  Figs.  512  and  513.  The  dotted  lines  in  Fig.  512  show  the  main  paths 
of  the  magnetic  flux  produced  by  the  two  windings;  the  directions,  how- 
ever, constantly  reversing  owing  to  the  alternations  of  the  current  in 
the  coils.  Denoting  the  shunt  and  series  pole  tips  by  the  letters  shown 
in  Fig.  512,  Fig.  513  gives  a  clear  statement  of  the  relation  of  the  fields 
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Pig.  51  a. — Diagiam  of  Electromagnetic 
Circuits. 
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Pic.  513. — Diagram  showing  Rotation  of 

Pield. 


at  each  %  period.  The  signs  +  and  —  represent  the  instantaneous  value? 
of  the  poles  indicated.  Thus,  at  one  instant  the  pole  tips  A,  C  and  A' 
of  the  potential  coil  are  maximum  +,  —  and  +,  respectively  because  the 
instantaneous  value  of  the  current  is  maximum,  while  the  value  of  the 
scries  flux  is  zero.  At  %  period  later  the  current  in  the  potential  cir- 
cuit is  zero,  giving  zero  magnetic  potential  at  the  pole  tips,  while  the 
scries  current  has  reached  a  maximum  value,  giving  maximum  —  and  + 
at  the  pole  tips  B  and  D.  At  the  next  %  period  the  current  in  the 
potential  circuit  is  again  maximum,  but  in  a  direction  opposite  to  what 
it  was  at  the  beginning,  making  the  pole  lips  A,  C  and  A'  — ,  +  and  — , 
respectively,  while  the  series  current  again  is  zero.  Continuing,  the  other 
relations  of  +  and  —  poles  shown  in  Fig.  513  is  ublained.     It  will  be 
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observed  from  the  table  that  both  the  +  and  —  signs  move  constantly 
in  the  direction  from  A'  to  A,  indicating  a  shifting  of  the  field  in  this 
direction,  the  process  being  repeated  during  each. cycle. 

The  moving  element  usually  consists  of  a  light  metal  disk,  or  cylin- 
der, revolving  through  the  air  gap  in  which  the  rotating,  or  shifting, 
field  is  produced.  This  disk  acts  like  the  squirrel  cage  rotor  of  an  in- 
duction motor.  Currents  are  induced  in  it  which  combine  with  the 
rotating  field  to  produce  a  torque  or  pull  proportional  to  the  power 
in  the  circuit.  This  torque  is  counterbalanced  by  that  of  the  retarding 
element,  so  that,  the  speed  is  exactly  proportional  to  the  torque. 

To  make  the  wear  on  the  bearing  a  minimum  and  thus  give  a  long 
life  to  the  watt-hour  meter,  the  disk  should  be  made  as  light  as  possible 
consistent  with   strength. 

The  proper  speed  of  the  moving  element  is  determined  by  two  fac- 
tors, its  effect  on  the  life  of  the  bearings  and  convenience  in  check- 
ing. Within  the  limits  of  permissible  speed,  that  speed  has  been 
selected  which  renders  calculation  by  a  multiple  of  5  or  25. 

The  retarding  element  acts  as  a  load  on  the  induction  motor  and 
enables  the  adjustment  of  its  speed  to  normal  limits.  In  order  that 
the  speed  shall  be  proportional  to  the  driving  torque,  which  varies  with 
the  watts  in  the  circuit,  it  is  necessary  that  the  torque  of  the  retarding 
device  be  proportional  to  the  speed.  For  this  reason  a  short  circuited 
constant  field  generator,  consisting  of  a  metal  disk  rotating  between  per- 
'nianent  magnet  poles,  has  been  generally  adopted.  The  movement  of 
the  disk  in  the  constant  m^netic  field  generates  an  electromotive  force 
between  the  inner  and  outer  elements  of  the  disk  which  is  directly  pro- 
portional to  the  speed.  This  electromotive  force  sets  up  eddy  currents 
in  the  disk  which  consume  the  power  passing  through  the  meter  coils. 
The  generator,  or  retarding  disk,  may  be  the  same  disk  used  for  the 
moving  element,  in  which  case  the  meter  field  acts  on  one  edge  while 
the  permanent  •magnet  acts  on  the  edge  diametrically  opposite.  This 
arrangement  simplifies  the  number  of  parts  and  saves  space  and  weight 
of  moving  element. 

The  registering  mechanism  comprises  the  dials  and  dial  hands,  and 
the  train  necessary  to  secure  the  required  reduction  in  speed.  This  train 
is  driven  directly  by  the  rotor,  and  therefore  its  friction  should  be  low 
and  constant.  The  dials  should  be  ^easily  read  and  should  register 
directly  in  kilowatt-hours.  If  a  register  constant  is  used  to  reduce  the 
reading  to  kilowatt-hours  it  should  be  some  multiple  of  10,  to  avoid 
errors  in  multiplication.  By  means  of  suitable  gears  in  the  meters  this 
is  accomplished. 

The  mounting  frame  and  bearings  have  an  important  influence  on  the 
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accuracy  of  the  meter,  as  it  is  in  the  bearings  where  most  of  the  friction 

The  bearings  used  in  the  Westinghouse  Type  C  watt-hour  meters 
are  shown  in  cross-section  in  Fig.  514.  The  lower  bearing  consists  of 
a  steel  ball  resting  between  two  sapphire  cup  jewels,  one  fixed  in  the 
end  of  the  bearing  screw  and  the  other  mounted  in  a  removable 
sleeve  on  the  end  of  the  shaft.  Owing  to  the  minute  gyrations  of  the 
shaft  the  ball  has  a  rolling  a 


Pic.  SU.—Cron-Mctiim  of  fieatingi  of  Type  C  Watt-hour  Melnl. 

The  upper  bearing  is  only  a  guide  bearing  to  keep  the  shaft  in  a 
vertical  position,  and  is  subject  to  virtually  no  pressure.  It  consists  of 
a  steel  pin  fastened  to  a  removable  screw  and  projecting  down  into  a 
bushing  in  a  recess  drilled  in  the  shaft.  The  bottom  of  this  recess 
is  tilled  with  billiard  cloth  saturated  with  watch  oil.  A  him  of  oil  is 
maintained  around  the  pin  by  capillary  action. 

Initial   friction   is   unavoidable   in   any   meter   construction,   but   can   be 

compensated    for.      A    change    in    the    initial    friction,    however,    due    to 

wear   of    bearings,    makes    readjustment    necessary,    therefore,    a    friction 

compensator  is   required  to   oVercome  the   initial   friction   of  the   moving 

kparts.     It  is  aooarent  that  if  this  initial  friction  were  not  comnoisated 
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for,  some  of  the  driving  torque  of  the  watt-hour  meter  would  be  used 
in  overcoming  it  and  the  meter  would  not  rotate  at  very  light  load. 
This  would  render  the  registration  inaccurate  on  light  loads. 

The  friction  compensation,  or  light  load  adjustment,  in  the  Type  C 
meters  is  accomplished  by  slightly  unbalancing  the  two  legs  of  the  shunt 
magnetic  circuit  To  do  this  a  short  circuit  loop  is  placed  in  each  air 
gap,  and  means  are  provided  for  adjusting  the  position  of  the  loops  so 
that  one  loop  will  enclose  and  choke  back  more  of  the  fiux  than  the 
other  loop,  and  thus  produce  a  slight  rotative  torque.  It  will  be  noted 
that  this  torque  depends  on  voltage  alone,  which  is  practically  constant, 
and  is  entirely  independent  of  the  load. 

Adjustment  is  accomplished  by  means  of  either  of  two  screws.  Each 
of  these  screws  has  a  knurled  and  slotted  head  and  makes  micrometer 
adjustment  possible.  It  is  clamped  when  adjusted  by  means  of  a  set 
screw. 

The  power-factor  adjustment  is  necessary  to  make  the  phase  angle 
between  the  shunt  and  series  field  components  exactly  90  degrees  with 
unity  power-factor  in  the  metered  circuit.  Owing  to  the  resistance  and 
iron  loss  in  the  potential  circuit,  that  field  is  not  shifted  quite  90  de- 
grees with  respect  to  the  voltage.  However,  exact  quadrature  is  neces- 
sary to  make  the  strength  of  the  resultant  field,  and  consequently  the 
rotor  speed,  proportional  to  the  power-factor,  as  explained  in  the  dis- 
cussion of  the  field  producing  element. 

The  power-factor  adjustment  usually  consists  of  a  short  circuited  loop 
enclosing  part  or  all  of  the  field  flux  produced  by  the  current  in  the 
potential  coil.  This  loop  acts  like  the  secondary  of  a  transformer.  This 
flux  induces  a  current  in  it  which,  acting  with  the  current  in  the  poten- 
tial coil,  produces  a  slightly  lagging  field.  By  shifting  the  position  or 
the  resistance  of  the  short  circuited  loop,  the  lag  may  be  so  adjusted 
that  the  potential  field  flux  is  in  exact  quadrature  with  the  voltage. 

This  method  may  be  better  understood  by  referring  to  the  vector 
diagram  (Fig.  515). 

OA  represents  the  e.  m.  f.  impressed  on  the  potential  winding. 

OY  represents  the  current  through  the  potential  winding,  lagging  with 
respect  to  the  impressed  e.  m.  f.  due  to  the  reactance  of  the  potential  coil. 

YOA  represents  the  angle  less  than  90  degrees,  due  to  iron  and  copper 
losses  in  the  potential  circuit. 

OS  represents  the  voltage  induced  in  the  closed  secondary  which  is 
approximately  opposite  in  phase  relation  to  the  voltage  of  the  potential 
circuit. 

OC  represents  the  current  in  the  closed  secondary,  which  is  in  phase 
with  the  voltage  OS  (the  magnitude  of  OS  and  OC  being  exaggerated^ 
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OX  represents  the  magnitude  and  direction  of  the  resultant  field  pro- 
duced by  the  combined  effect  of  the  currents  OY  and  OC. 

By  changing  the  position  of  the  closed  secondary,  the  magnitude  of  OC 
can  be  increased  or  decreased,  thereby  shifting  the  position  of  the  re- 
sultant OX,  to  obtain  the  proper  90  degree  phase  relation  with  respect 
to  OA,  thus  compensating  the  meter  to  register  correctly  under  varying 
conditions  of  power-factor. 

It  should  be  noted,  however,  that  this  adjustment  makes  the  watt- 
hour  meter  correct  at^  or  near,  one  frequency  only.  This  feature  is  not 
objectionable  if  reasonable  accuracy  is  maintained  within  the  limits  of 
normal  variation  of  frequency. 


Pig.  515. — Vector  Diagram  for  Westinghouse.  Induction  Watt-hour  Meter. 


A    frequency   adjustment    is   often    desirable,    particularly    for    system^ 
operating  at  133  cycles. 

The  case  and  cover  should  be  absolutely  dust  and  bug  proof,  to  avoid 
damage  to  bearings,  insulation  and  moving  parts,  and  should  of  course  . 
be  provided  with  means  for  sealing.  Terminal  chambers  so  arranged 
that  the  cover  of  the  meter  element  need  not  be  removed  in  connecting 
up  are  an  important  feature,  particularly  in  meters  that  require  no  ad- 
justment at  installation,  as  they  prevent  entrance  of  dust  into  the  main 
meter  chamber  and  preserve  the  manufacturer's  guarantee  of  initial 
accuracy.  A  window  through  which  the  rotation  of  the  disk  can  be 
observed  in  checking  should  be  provided  for  the  same  reason. 

To  measure  the  energy  in  alternating  current  circuits  of  high  voltage. 
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or  carrying  heavy  currents,  it  is  necessary  to  use  transforming  devices, 
as  without  them  the  meter  would  have  to  be  very  large  in  order  to  have 
sufficient  carrying  capacity  and  insulation.  The  function  of  watt-hour 
meter  transformers,  is,  therefore,  to  reduce  the  currrent  and  voltage  to 
values  that  can  be  conveniently  handled  in  watt-hour  meters.  When 
transformers  are  used,  slight  errors  in  accuracy  are  introduced,  but  with 
well-designed  transformers  these  errors  are  small. 

Description  of  Various  Types 

Round  Type 

Single-phase,  Two-wire:  The  electromagnet  of  this  type  of  meter  is 
made  up  with  one  current  coil  for  the  current  element  and  a  potential 
coil  in  two  sections  with  an  impedance  coil  in  series  for  the  potential 
element 

Full  load  adjustment  is  made  by  moving  the  permanent  magnets 
from,  or  toward  the  disk  shaft.  Moving  the  magnets  from  the  shaft  in- 
creases the  speed  of  the  meter.  Moving  the  magnets  toward  the  shaft 
decreases  the  speed  of  the  meter. 

The  light  load  adjustment  is  made  by  varying  the  resistance  of  a  short 
circuited  coil  on  the  right  hand  side  of  the  electromagnet. 

Power- factor  adjustment  is  made  by  varying  the  resistance  of  a  small 
coil  on  the  left  side  of  the  electromagnet. 

The  terminals  are  on  the  back  of  the  meter. 

Single-phase,  Three-wire:  This  meter  is  similar  to  the  two-wire. 
The  three-wire  circuit  measurement  is  obtained  by  means  of  a  three- 
wire  current  transformer. 

Polyphase  Round  Type:  This  is  a  two  element  (two  disk — single 
shaft)  meter.  The  individual  electromagnets  and  their  adjustments  of 
this  meter  are  the  same  as  for  the  single-phase  meter.  The  terminals 
are  on  the  back  of  the  meter. 

The  Westinghouse  Round  Type  watt-hour  meter  was  designed  for 
house  service  for  use  upon  alternating  current,  two  and  three-wire; — two- 
wire,  polyphase,  in  capacities  of  5,  10,  20,  40  and  80  amperes,  100,  200, 
and  400  volts;  three-wire,  in  capacities  of  5.  10,  20  and  40  amperes,  100- 
200,  200-400  volts;  the  single-phase  meter  being  produced  in  June,  1898, 
and  the  polyphase  in  July,  1899.  The  diameter  of  the  current  terminals 
is  0.360  inches  (Figs.  516  and  517). 

Type  A 

Single-phase,  Two-wire:  The  electromagnet  is  made  up  of  one  cur- 
rent coil  for  the  current  element — a  potential  coil  in  two  sections  with 
an  impedance  coil  in  series  for  the  potential  clement. 
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Full  load  adjustment  is  made  by  varying  the  position  of  the  perma- 
nent magnets  the  same  as  in  the  Round  Type  meters. 

Light  load  adjustment  is  made  by  the  movement  of  a  slide  resistance 
which  is  located  on  the  electromagnet  near  the  bottom  of  the  meter. 

The  power- factor  adjustment  is  made  by  varying  the  resistance  of  a 
short  circuited  coil  on  the  left  hand  side  of  the  electromagnet. 

Single-phase,  Three-wire:  This  meter  is  similar  to  the  two-wire 
with  the  exception  of  the  current  winding,  which  consists  of  two 
separate,  but  interlaced  coils. 

Full  load,  light  load  and  power-factor  adjustments  are  the  same  as 
for  the  two-wire  meter. 

The  meter  has  four  terminals  located  in  a  separate  terminal  chamber 
at  the  top  of  the  meter. 

Single-phase,  Three-wire  Meter  (Three-wire  Current  Transform- 
ers): This  meter  is  similar  to  a  two-wire  meter  with  the  exception 
that  measurements  of  the  three-wire  circuit  is  obtained  by  the  use 
of.  a  three-wire  current  transformer. 

Polyphase:  This  is  a  two  element  (two  disk,  single  shaft)  meter 
similar  in  appearance  to  the  Round  Type  polyphase.  The  individual 
magnets  with  their  adjustments  are  similar  to  the  electromagnets  of 
the  single-phase  meter. 

The  meter  has  six  terminals — three  per  element  located  on  the  back 
of  the  meter. 

The  Wcstinghouse  Type  A  watt-hour  meter  was  designed  for  house 
service  for  use  upon  alternating  current,  tw*  and  three-wire;  the  two- 
wire  polyphase  in  capacities  of  5,  10,  20,  40  and  80  amperes,  100-200  and 
400  volts;  the  three-wire  in  capacities  of  5,  10,  20  and  40  amperes,  100- 
200,  200-400  volts;  the  single-phase  meter  being  produced  in  January, 
1903,  and  the  T)oly phase  meter  in  May  of  the  same  year.  The  diameter  of 
the  current  terminals  is  0.330  inches  (Figs.  518  and  519)- 

Type  B 

Single-phase,  Two-wire:  The  electromagnet  of  this  meter  consists 
of  the  current  coil  mounted  on  two  poles,  one  half  the  winding  on 
each  pole  and  a  potential  coil  mounted  on  a  single  pole.  No  im- 
pedance coil  is  used  in  the  potential  circuit. 

Full  load  adjustment  is  made  by  varying  the  position  of  the  permanent 
magnets.  Moving  the  magnets  away  from  the  disk  shaft  decreases  the 
speed  of  the  meter.  Moving  the  magnets  toward  the  disk  shaft  increases 
the  speed  of  the  meter. 


Al,    - •*.? _*         _  _t 
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circuit  loop  located  in  one  of  the  leakage  gaps  of  the  potential  electro- 

Power-factor  adjustment  is  obtained  by  varying  the  position  of  a 
short  circuit  loop  placed  over  the  tip  of  the  potential  pole. 

The  meter  has  four  teniiinals  located  in  the  terminal  chamber  at 
the  top. 

Single-phase,  Three-wire:  These  are  similar  to. the  two-wire,  except 
that  the  current  coil  is  divided  into  two  interlaced  and  independent 
circuits  (Fig.  520). 


Pig.  530.— WatlnahouK.  Type  B,  SiiiBle  phue.  i-wiie.  Induction  Watt>hour  MeUi. 

Prepa^inent:  The  meter  element  is  the  same  as  that  for  the  regu- 
lar Type  B  meter. 

The  prepayment  mechanism  is  so  arranged  that  when  the  coin  is  de- 
posited in  the  meter  it  is  indicated  on  the  large  dial.  When  the  power 
paid  for  has  been  consumed  a  contact  operated  through  a  small  differen- 
tial gear  is  closed  and  the  service  discontinued  by  an  electrically  oper- 
ated switch  (Fig.  5Z1). 

The  Westinghouse  Type  B  and  prepayment  watt-hour  meters  wen' 
designed  for  house  service  for  use  upon  alternating  current,  two  and 
three-wire,  single-phase  ;  the  two-wire  Type  B  in  capacities  of  S,  10,  20. 
40  and  80  amperes,  100,  200  and  400  volts ;  the  three-wire  Type  IS  in 
capacities  o£  S,  10,  20  and  40  amperes,  100-200,  200-400  volts,  and  were 
produced  in  December,   1905,     The  diameter  of  thS  current  terminals  is 
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o.igi  inches  from  5  to  20  amperes  capacity,  and  0.315  inches  from  40 
to  80  amperes  capacity.  The  two-wire  prepayment  type  was  built  in 
capacities  of  5,  10,  15  and  20  amperes,  100  and  200  volts,  and  the 


Pie.  511.— WstiDahoDBe.  Typa  B,  Piepaymmt.  Slsgle-phue,  a-*lie.  Induction  WKtt-honr 
MetH. 

three-wire  in  capacities  of  S,  10,  15  and  20  amperes,  100-200  volts. 
They  were  produced  in  January,  1906.    The  diameter  of  the  current 

terminals  is  O.191   inches. 

Tyfe  C 

Single-phase,  Two-wire;  Plain  and  Sub  A:  The  electromagnet  con- 
sists of  a  current  coil  mounted  on  two  poles,  one-half  the  winding  on 
each  pole  and  a  potential  coil  mounted  on  a  single  pole.  No  impedance 
coil  is  used  in  the  potential  circuit.  The  iron  laminations  in  the  cur- 
rent winding  are  not  interlaced  with  the  laminations  of  the  potential 
_winding. 

''mII  load  adjustment  is  made  by  varying  the  position  of  the  perma- 
lagnets.    Moving  the  magnets  away  from  the  disk  shaft  decreases 
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Ampere:  These  meters  are  the  same  as  the  two-wire,  except  that  tlie 
current  winding  is  divided  into  two  interlaced  and  independent  coils. 

Later  productions  of  Sub  F  are  provided  with  an  extra  potential  termi- 
nal   in    the    terminal    chamber,    the    purpose    of    which    is    to    facilitate 

Single-phase,  Two-wire;  Sub  E  and  F,  100  to  300  Ampere:  Electro- 
magnet and  its  adjustments  are  similar  lo  thai  of  the  low  capacity  meter. 
The    current    and    potential    laminations    are    not    interlaced.    The    meter 


FIC.  S13.— WBtinghouM,  Typs  C.  Sub  B,  C,  D.  E  and  P.  Siogle-phue,  a-jnic,  laductioo 
Witt.hout  Heter. 

has  three  terminals  leading  from  the  top  of  the  case.  The  middle  lead  is 
a  potential  lead,  which  in  service  is  connected  to  (he  other  side  of 
the  line. 

Single-phase,  Three-wire;  Sub  E  and  F,  60  to  150  Ampere:  The 
electromagnet  is  similar  to  the  two-wire  heavy  current  meter.  The  cur- 
rent coils  are  independent  of  each  other,  are  not  interlaced,  and  are 
provided  with  spii'CJal  laminations  which  are  interlaced  with  the  lamina- 
lions  n(  ihc  pcitmlial  coil. 

The   meter   has   five   Ifrminals   extending   from   the   top   of   the   meter. 
■—The  potential  coil  is  wound  for  placing  across  the  outside  lines  of  the 
■■-wire  circuit.     The   middle   lead  is  one  end  of   (he    potential    coil 
ht  out  for  test  purposes. 
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Polyphase;  Plain,  5  to  80  Ampere:  This  is  a  two  element  (two  disk, 
one  shaft)  meter.  The  individual  electromaKnels  with  their  adjustments 
are  the  same  as  for  the  single-phase  meter,  Type  C,  plain  and  Sub  A. 
The  meter  has  three  terminals  per  element — two  on  the  right  side  and 
one  on  the  left.  Terminals  arc  in  a  separate  terminal  chamber  recessi?<l 
in  the  sides  of  the  case  (Fig.  5^4). 


Fig.  S14.— WertinghooM,  Type  C,  Polyphue.  Induclion  Walt-hmir  Metn. 

Polyphase;  Sub  A  and  B,  5  to  80  Ampere:  This  is  a  two  element 
(two  disk,  one  shaft)  meter.  The  electromagnets  and  their  adjustments 
are  the  same  as  for  the  single-phase  Sub  D  lo  F — 5  to  80  ampere  meters. 
The  meter  has  side  terminal   chambers   (Fig.  525). 

Polyphase;  Sub  A  and  B,  100  to  300  Ampere:  The  electromagnets 
and  their  adjustment  are  the  same  as  for  the  electromagnets  of  the  low 
capacity  meters  with  the  exception  that  the  laminations  in  the  current 
and  potential  coils  are  not  interlaced.  The  terminal  leads  are  on  the 
sides,  two  current  terminals  on  each  side  and  two  voltage,  or  potential, 
terminals  on  the  right  side. 

Polyphase;  Plain,  Sub  A  and  B  with  Current  and  Voltage  Trans- 
former: These  meters  are  similar  to  the  low  capacity  s-Ro  amperes 


ELECTRICAL  METERMAfTS  HANDBOOK 

meters,  except  the  voltage  winding  is  entirely  independent 
terminals.     The  meters  have  four  terminals  per  elc- 

Three-phsBe,  Pour-wire;  Sub  A  and  B,  5  to  40  Ampere:  The  electro- 


magnets of  this  meter  are  the  same  as  the  elect romagnels  of  the  poly- 
phase, Sub  A  and  B,  5  lo  80  amperes,  except  that  there  is  an  addilionat 
interlaced  current  winding  on  each  element.  These  additional  windings 
■  1   each    element   arc   connected    in    series    forming   the   current    winding 
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for  the  third  current  line.  The  voltage,  or  potential,  coil  of  each  elec- 
tromagnet is  wound  for  the  voltage  between  outside  wire  and  neu- 
tral or  fourth  wire.     The  meter  has  seven  terminals. 

Three-phase,  Watt-hour  Meters,  with  Current  and  Voltage  Trans- 
formers for  Three-phase,  Four-wire  Circuits:  This  meter  is  the  same 
as  the  regular  polyphase  meter  for  transformer  use.  The  three-phase 
measurement  is  obtained  by  the  use  of  three  current  transformers  and  two 
voltage  transformers. 

The  Westinghouse  Type  C  watt-hour  meter  was  designed  for  house 
service  for  use  upon  alternating  current,  two-wire  single-phase,  and 
polyphase,  in  capacities  of  5,  10,  15,  20,  30,  40,  60,  80,  100,  120,  150,  200 
and  300  amperes,  100,  200,  400  and  500  volts,  the  former  being  produced 
in  November,  1906,  and  the  latter  in  February,  1906.  The  three-wire 
single-phase  meter  was  built  in  capacities  of  5,  10,  15,  20,  30,  40,  60, 
80,  100,  120  and  150  amperes,  100-200,  200-400  volts,  in  November,  1906. 
The  diameter  of  the  current  terminals  for  the  two-wire  single-phase 
meter  is:  5  to  15  amperes,  0.191  inch;  20  amperes,  0.213  inch;  30  to 
80  amperes,  0.315  inch;  100  to  150  amperes,  i^g  inch;  200  to  300  am- 
peres, 0.94  inch.  For  the  three-wire  single-phase  it  is:  5  to  15  amperes, 
0.191  inch;  20  amperes,  0.213  inch;  30  to  80  amperes,  -ft  inch;  100 
to  150  amperes,  -?6  inch.  For  the  polyphase  it  is:  5  to  40  amperes, 
0.212  inch;  60  to  80  amperes,  %  inch;  100  to  200  amperes,  ^e  inch;  150 
to  200  amperes,  5f  inch ;  300  amperes,  0.76  inch. 

Type  DA 

Single-phase,  Two-wire;  Top  Terminal:  The  electromagnet  of  this 
meter  is  in  general  similar  to  that  of  the  Type  C.  The  shape  of  the 
laminations  is  somewhat  different  and  the  amount  of  iron  is  less. 

The  full  load  adjustment  is  similar  to  that  in  the  Type  C. 

The  light  load  adjustment  is  made  by  the  movement  of  a  micrometer 
screw  on  the  right-hand  side  of  the  meter. 

The  power-factor  adjustment  is  obtained  by  the  use  of  a  short  circuit 
loop,  on  the  tip  of  the  voltage,  or  potential,  electromagnet. 

The  meter  has  four  terminals  in  a  terminal  chamber  at  the  top  of 
the  meter  (Fig.  526). 

Single-phase,  Three-wire;  Top  Terminal:  This  meter  is  similar  to 
the  two-wire  with  the  exception  that  the  current  coil  is  divided  into  two 
independent  interlaced  windings. 

Single-phase,  Two-wire;  Bottom  Terminal:  This  meter  is  similar  to 
the  two-wire  top  terminal  meter  except  the  terminal  chamber  is  at  the 
bottom  of  the  meter  case  (Fig.  527). 
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except  (he  terminal  chamber  i 


Note:  All    references    to    "left    hand"    and    "right    hand"    hold    true 
when  looking  a(  the  front  of  the  meter. 
The  Westingiiouse  Type  OA  wall-hour  meter  was  designed   for   hoiiic 


il  Vl«w  ol  Type  OA.  WHtlsghouM,  Sintfo-phMe,  i-irin,  Indoctioa  Wan- 
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• 

service  for  use  upon  alternating  current,  two  and  three-wire,  single- 
phase  circuits,  in  capacities  of  5  and  10  amperes;  two-wire,  100  and  200 
volts;  three-wire,  100-200  volts;  and  was  produced  in  April,  191 1.  The 
diameter  of  the  current  terminals  is  0.191  inch. 

On  all  meters  full  load  adjustment  is  made  by  moving  the  perma- 
nent magnet  in  or  out  from  the  disk  shaft. 

Weakening  of  the  drag  magnets  tend  to  make  the  meter  run  fast. 

Defects  that  would  tend  to  make  the  meter  run  slow  would  be  any 
mechanical  interference  between  rotating  parts  and  stationary  parts,  for- 
eign matter  in  the  air  gap  of  the  drag  magnets,  defective  bearings  or 
gear  trains,  or  short  circuited  current  coil. 

For  the  Round  Type  and  Type  A  the  light  load  adjustment  is  made 
by  varying  the  amount  of  resistance  in  a  short  circuited  coil  mounted 
on  a  portion  of  the  potential  electromagnet. 

For  Types  B,  C  and  OA  the  light  load  adjustment  is  made  by  varying 
the  position  of  the  short  circuited  loops  located  in  air  gaps  of  the 
voltage  electromagnet. 

Defects  that  would  tend  to  make  the  meter  run  fast  are  short  circuits 
in  the  portion  of  the  current  coil  on  the  left-hand  current  pole  (left- 
hand,  looking  at  face  of  meter),  open  circuit  in  the  left-hand  light 
load  adjuster  loop. 

Defects  that  would  tend  to  make  the  meter  run  slow  are,  short  circuit 
in  the  portion  of  the  current  coil  on  the  right-hand  current  pole  (right- 
hand,  looking  at  the  face  of  the  meter)  and  open  circuit  in  the  right- 
hand  light  load  adjuster  loop. 

The  standard  formula  for  testing  Westinghouse  alternating  current 
Watt-hour  meters  when  using  indicating  standards  and  stop  watches,  is, 

watts —    m  which: 

R  =  Number  of  complete  revolutions  in  time  T. 
T  =  Time  in  seconds  required  for  revolutions  R. 
K  =  Constant. 

The  constant  K  varies  with  different  types  and  capacities  as  out- 
lined below,  and  is  the  same  as  "  Kt "  or  "  Test  Constant."  Tables 
in  Chapter  XV  give  the  gear  ratios,  constants  and  test  formulas. 

The  overload  capacity  of  these  watt-hour  meters  is  50  per  cent. 

Instructions  are  pasted  on  the  back  of  the  meter  and  on  the  inside 
of  the  terminal  cover. 

The  following  tabulation  gives  additional  information  pertaining  to 
60  cycle  watt-hour,  house  service  meters; 
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Westinghouse  Continuous  Current  Watt-hour  Meters 

Westinghouse  continuous  current  watt-hour  meteft,  the  principles  of 
which  are  explained  in  Chapter  III,  are  essentially  motor  generators 
provided  with  registering  mechanism. 

Descriptions  of  Various  Types 

Two-wire  Meier,  Plain,  5-100  Amperes 

The  current  winding  is  divided  into  two  independent  coils  located  on 
opposite  sides  of  the  armature,  one  coil  in  the  positive  and  the  other 
coil  in  the  negative  side  of  the  line  circuit  The  voltage  circuit  in  the 
meter  consists  of  a  friction  compensation  coil,  an  armature,  and  a  re- 
sistance. The  friction  compensation  potential  coil  end  of  the  voltage 
circuit  is  connected  to  the  negative  terminal  of  the  line  circuit  and 
the  resistance  end  of  the  voltage  circuit  is  connected  to  the  positive 
terminal  of  the  line  circuit. 

The  adjustment  for  light  load  is  obtained  by  moving  the  friction 
compensation  coil  in  toward  or  out  from  the  armature  shaft.  The 
disk  and  permanent  or  drag  magnets,  are  at  the  bottom  of  the  meter. 

The  terminals  are  on  the  sides,  near  the  top.  The  line  terminals  are 
on  the  left-hand  side  of  the  meter  case.  The  lower  bearing  of  this  meter 
has  a  sapphire  jewel  and  ball  bearing  (Fig.  528).  Instructions  for 
metermen  are  placed  on  the  inside  of  the  cover  of  all  plain  meters 
(Fig.  529). 

Three-wire  Meter,  Plain,  5-100  Amperes 

This  meter  is  similar  to  the  two-wire  meter.  The  current  winding  is 
divided  into  two  independent  coils,  one  in  each  of  the  outside  lines  of 
the  three-wire  circuit.  The  resistance  end  of  the  voltage  circuit  is 
brought  to  a  separate  terminal  for  making  connection  to  the  neutral  line 
outside  of  the  meter. 

Two-wire  Meter,  Sub  A,  5-75  Amperes 

This  is  a  commutator  type  meter.  The  current  coils  are  connected 
to  the  positive  side  of  the  line  circuit.  The  voltage  circuit  in  the  meter 
consists  of  a  friction  compensation  coil,  an  armature,  and  a  resist- 
ance. The  friction  compensation  coil  end  of  the  voltage  circuit  is 
connected  to  the  positive  terminal  of  the  line  circuit  and  the  resist- 
ance end  of  the  voltage  circuit  is  connected  to  the  negative  terminal 
of  the  line  circuit. 

The  friction  compensation  coil  has  two  movements; — one  in  and 
out  from  the  armature  shaft,  the  other  up  and  down  in  a  plane  par- 
allel to  the  armature  shaft. 
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The  disk  and  permanent  or  drag  magnets  are  at  the  lop  of  tE)c  t 
The   terminals  are   on   the   sides,   near   the   bottom,   o£   the   meter 
rhe  line  terminals  are  on  the  left-hand  side   (Fig.  530). 


— Crofls-sccCicjP  of  L 


The   lower   bearing   of   this 


'    has   a   sapphire   jewel    and   ball 


!  Meter,  Sub  A.  5-75  Amperes 


bearing  (Fig.  528). 

This  meter  is  similar  t< 

The  current  winding  i 
each  of  the  otitside  lines 
of  the  voltage  circuit  is  brought  to  a  separate  terminal  for  making  c 


>  the  neutral  lin 


:side  of  the  r 


Tu'O-wire  Meier,  Sub  A.   100-450  Amperes 
This  meter  is  similar  to  the  low  capacity  meter. 

The  positive   side  only  on   the  line  circuit  is  taken  through   Ihe  meter. 
The  terminals  are  in  the  form   of  cables  extending   from   the   bottom  of 


DESaHPTHE   DATA    ON    WATT-HOUR   METERS        857 

Three-wire  Meter,  Sub  A,  100-300  Amperes 
Till*  iiieier  is  similar  lo  the  low  capacity  three-wire  meter. 
The  terminals  are  in  the  form  of  cables  extending  from  the  sides  of 


The  standard  formula  for  letting  Wi-slinghouse  Plain  and  Sub  A  c 
linuous  current  wall-hour  meters  wiieii  using  inilicaliiig  inslriinifiil-. 
slop  watch  is 
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R  =  Number  of  complete  revolutions  in  Time  T. 
T  =Time  :n  seconds  required  for  revolutions  R. 
K,  =  Constant. 

The  constant  K,  varies  with   the  capacity  of  the  meter.     Tables    i 
Chapter  XV  give  the  gear  ratios,  constants  and  test  formulas- 


S 


i 


The  following  applies  lo  liolh  Ihc  Plain  ami  Sub  A  meters.  The  polen- 
tial  circuit  coil  consists  of  800  turns  of  copper  wire,  Ihree  mils  in  diam- 
eter, having  a  resistance  of  Ooo  ohms.  The  series  field,  when  carrying 
current  at  the  rated  capacity  of  the  mclcr,  produces  600  ampere-turns. 
The  resistance  of  the  potchtial  circuit  is  2,500  ohms  per  100  volts. 
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At  rated  capacity  the  speed  is  25  rev.  per  min.  and  the  torque  in  mm-g. 
varies  from  120  to  160.  The  weight  of  the  moving  element  varies  from 
80  to  90  grams  and  the  average  ratio  of  weight  to  torque  is  1.65.  The 
loss  in  the  potential  circuit  per  100  volts  varies  from  3.5  to  4.5  watts. 
The  average  limits  of  the  temperature  coefficient  per  degree  C.  are  0.09 
to  0.12.  These  meters  have  an  overload  capacity  of  50  per  cent.  Both 
types  were  produced  in  April,  1906. 

Type  CW-6 

TtvO'Zvire  Meter,  5-50  Amperes 

The  current  coils  are  in  the  positive  side  of  the  line  circuit.  The  volt- 
age circuit  of  the  meter  consists  of  the  armature  and  the  friction  com- 
pensation coil.  The  resistance  necessary  for  the  voltage  circuit  is 
contained  in  the  friction  compensation  coil,  a  portion  of  the  winding 
being  reversed  on  itself.  The  armature  end  of  the  voltage  circuit 
is  connected  to  the  positive  terminal  of  line  circuit;  the  friction  com- 
pensation coil  end  of  the  voltage  circuit  is  connected  to  the  negative 
terminal  of  the  line  circuit. 

The  friction  compensation  coil  has  two  movements,  one  in  and  out 
from  the  armature  shaft,  and  the  other  up  and  down  in  a  plane  parallel 
to  the  armature  shaft. 

The  disk  and  permanent  or  drag  magnets  are  at  the  bottom  of  the 
meter. 

The  terminals  are  on  the  sides  of  the  meter  case. 

The  lower  bearing  of  all  standard  Type  CW-6  meters  has  a  sapphire 
jewel  and  ball  bearing  (Fig.  528).  Pivot  bearings  are  supplied  when 
desired.  Instructions  for  metermen  are  placed  on  the  inside  of  the 
cover  and  also  on  the  back  of  the  meter  (Fig.  531)). 

Thrce-ivire  Meter,  5-50  Amperes 

This  meter  is  similar  to  the  two-wire. 

The  current  winding  is  divided  into  two  separate  coils,  one  in  each  of 
the  outside  lines  of  the  three-wire  circuit.  The  friction  compensation 
coil  end  of  the  potential  circuit  is  brought  to  a  separate  terminal  for 
connection  to  the  neutral  on  the  outside  of  the  meter. 

The  .standard  formula  for  testing  Wcstinghouse  Type  CW-6  contin- 
uous current  watt-hour  meters,  when  using  indicating  instrument  and 
stop   watch,   is 

3,600  X  K.  X  R 
Watts ,  in  which 
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k  ^  Number   of   revolutions. 

S  =  Number  of  seconds  required  to  make  lhi>  iiimilier  of  rcvol 
K,^  Caljbraling  constant   marked  on   meter   disk. 
.l.fioo  =  Number  of  *conds  in  one  hour. 


Tables   in    Chapter  XV   give   the  gear   ratios,   constants  and   test 
formulas. 
The  potential  circuit  coil  of  this  type  of  meter  consists  of  1,500  active 
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a  resistance  of  1,500  ohms.    The  resistance  of  the  potential  circuit  is 
2,300  ohms  per  100  volts. 
The  following  tabulation  is  applicable  to  Type  CW-6  meters  only : 

Capacity      Two-wire  Meters  Three-wire  Meters        Diameter  Terminal, 

IN  Average  Lixxiits  Average  Limits  Holes — Inckeks 

Amperes    of  Current  Coil  Circuit  of  Current  Coil  Circuit 

Drop  in  Volts    Loss  in  Watts     Drop  in  Volts    Loss  in  Watts     Two-wire    Three-wire 


5 

i.o  -I. 14 

50-5. 7 

0.5  -0.57 

5.0-5.7 

H 

^ 

10 

0.5  "0-57 

50-5-7 

0.25  -0.285 

5-0-5.7 

14 

Ji 

15 

0.38-0.44 

5.8-6.6 

0.19  -0.22 

5.8-6.6 

M 

Va 

25 

0.22-0.25 

5.5-6.3 

o.ii  -0.125 

5.5-6.3 

H 

K 

50 

0.11-0.125 

5.5-6.3 

0.055-0.0625 

5-5-6.3 

H 

H 

At  rated  capacity  the  speed  varies  and  depends  upon  the  capacity  of 
the  meter  in  question.  The  speed  of  any  particular  meter  of  this  type  is 
determined  from  the  constant  marked  on  the  disk.  The  following  data 
is  given  by  the  manufacturers  of  this  meter. 

Full  load  torque    140  to  170  mm-g. 

Weight  of  moving  element   80  to  95  g. 

Ratio  of  torque  to  weight  1.7 

Loss  per  100  volts  in  potential  circuit 4  to  5  watts 

Temperature  coefficient  per  degree  C 0.09  to  o,  13 

These  meters  have  an  overload  capacity  of  50  per  cent. 
This  meter  was  produced  in  May,  1912. 

The  internal  and  external  connections  for  these  types  of  watt- 
hour  meters  are  given  in  Figs.  532  to  561,  and  the  external  dimen- 
sions in  Figs.  561  to  570. 
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External  and  Internal  Connection  Diagrams 


Pig.  533. — Single- phase,  2-wire,  Round 
Type  Only. 


SWV^JVWL, 


Pig.  533- — Polyphase,  3-wire,  Round  Type 
and  Tyi>e  A. 


^mtj/^/sA 


/WVA/WNAA^^^ 


Pig.  534. — ^Twc-phaac,  4-wire.  Round  Type        Pig.  535. — Single-phase,  3-wire,  Round  Type 
and  Type  A.  and  Type  A,  both  with  3-wire  Transformer. 


Bxtemal  Connections  for  Westlnghouse.  Round  Type  and  Type  A,  Induction  Watt-hour 

Meters. 
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S30.  --SiiicilL'-phiw,  a-wirc.  Type  A  Ftn.  537.— Single-phase.  3-wirP.  Typr  A, 


® 


nni-cti.iiiJ'MrWcstinRh™, 


v..  530. — Single-phaie.  j-wlre.  Type  B 
Type  C.  Sub  B  to  F.  j-40  Ampeni. 
Type  C.  Sub  B  to  D,  80-110  Ampcns. 
TypoOA. 

-phriK.  iDiluclInn  Watt'bour  Meten. 
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BkIcto^J  uid  |J 
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Pig.  £46, — Two-phaar.  4-win.  Type  C.  Sub        PiC.    547- — Two-pbmat.  4'wln,    *Trp*   C, 
A  to  C,  iao-300  Ampeica.  Pliin.  5-80  Ampem.      Trpe  C.  Sob  A 

■nd  fi,  S-So  AmpOM. 
*  Type  C.  PUin.  liavt  tb«  termia^  reccaed 


'-tcnml  and  Intenial  Conncctiom  fn  WtMloeboun,  Type  C.  IndacUoo  Watt-hour  UMtn 
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Fic.  S4S. — ThiR-phtiH,  4-nue.  Type  C,  Sub  A  and  B,  s-40  Ampem. 


*  Type  C,  puis,  have  tbe  termliuJ*  r«ceMed  Id  the  ildei  of  the  out. 
Eitenul  uid  Intemftl  ConaactloDi  (or  WsitlQebotiM,  Type  C.  Inductaoo  Wat 


ELBCTRICAL  METERMAirS  HANDBOOK 


Pic   ssn— Polypi" 


AAAA-« 

www  Uvwv 

J     Front  lirmnals 
/>i>i-i/  Terrninals 

i 

ij. 

Fir.  5S'  —Two-phase,  ^-wiie,  wiih  Curiciii  and  VcUnge  Transfoimcra.     Type  C.  Plain.  Suli 

A, Sub  B. 
KKtcmnl  and  Internal  Cnnnrctiona  for  Wcitinahoua,  Type-  C,  Induclim  WatVhaur  MetH*. 
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Pic.  SS»- — Thre&pha«,  i 

Eitemal  and  InlemBl  CooDcctloiu  (or  Wegtioi 


Type  C.  Plain. 
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4> ^ 


Fig.  5j8. — CoDtinuoiu  CuntDt,  >• 
Fic.  SS7. — Contlnuoui  Cunwit.  a-iriro.  Type  DC,  Sub  wire,  Typo  DC,  Sub  A,  loa-tyi 
A,  S-7S  Amperes.     TypeDC.SubA,  loo-joo  Ampena  AmpHea. 

GxtvnnI  tad  Intcrnil  ConiiaeticMU  (cr  VeaUnsbouie.  CodUduoui  Ctunat  WMt-hoor  MeMv 
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^ 


Pic.  sOi^ — ContiiiDc 


EiMnu]  and  iDtmul  Cooiiuctioai 


CiUT«at,  a-vln,  IVpb  CW-6.  5-50  Ampem. 
for  WMtinshonn.  CodtlDDoui  Cuimt  Watt-hour  M eteii. 
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External  Dimension  Diagrams 


Type  Meter. 

Round,  2- wire 
A,  2-wire.  .  .  . 


Pig.  563. — Dimensions  of  Westinghouae,  Single-phase  Watt-hour  Meters. 

Approximate  Dimensions  in  Inches. 

Capacity  Total 

Amperes.                  ABC  Hes^t. 

...       5-80                3  H  in.              6  9/16  in.              7/16  in.  6  Is. 
S-80               2  9<  in.              8  i/x6  in.              7/16  in.  6  in. 


B 


Pin.  563. 


Type. 

B  — Prepayment . 

2  and  3 
A   -3-wirc 


-Dimensions  of  Westinghouse,  Single-phase  Watt-hour  Meter. 

Approximate  Dimensions  in  Inches. 

Capacity  Total 

Amperes.  ABC  Heif1i| 

S-20  2  7/8  in.  II  3/'i0  in.  7/16  in.  7   i/8  in 


S-40 


2  3/4  in. 


83/4  in. 


7/16  in. 


6  1/8  in 
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B73 


Type 
Round . 


Pig.  564. — Dimensions  of  Westinghouae,  Polyphase  Watt-hour  Meter. 

Approximate  Dimensions  in  Inches. 

Capacity  Total 

Amperes  ABC  Height 

5-80  21/2  in.  xo  19/32  in.  13/32  in.  7  5/16  in. 

and  8  z/x6  in. 
S-80  2  1/2  in.  10  19/32  in.  13/32  in.  7  S/i6  in. 

and  8  1/16  in. 


B 


-^-b 


^ 


4 


Pig.  565. — Dimension  of  Westinghouse,  Polyphase  (Heavy  Current)  Watt-hour  Meter. 

Approximate  Dimensions  in  Inches. 
Amperes  Total 

Type  Capacity  ABC  Height 

C,  Sub  A  to  C 100-300        a  is/16  in.  12  in.  7/16  in.  61/2  in. 


r 
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Fig.  566, — Dimensions  of  Westinghouse,  Single-phase  Watt-hour  Meters. 


Approximate  Dimensions  in  Inches. 


Capacity 
Type  Amperes  A 

B,  a-wire S-80  2  13/16  in. 

B.  3-wire S-40 

*C,  2-wire S-80  2  9/16  in. 

*C,  3-wire S-40 

**C,  2-  and  3-wirc. .  .        s-20  2  9/16  in. 

♦*C,  2-wire 30-80  " 

**C,  3-wire 30-40  " 

**C,  2-wire 100-300  " 

**C,  3-wire 60-iso  3   1/16  in. 

OA,  2-  and  3-wire.  . .       5-10  2  9/16  in. 

♦  Type  C,  plain  and  Sub  A. 

**  Type  C,  Sub  B  to  F. 


B 

8  13/16  in. 
<« 

6  9/16  in. 

«< 

8  3/16  in. 
81/4  in. 

71/2  in. 
8  7/16  in. 

7  11/16  in. 


C 

7/16  in. 
<• 

7/16  in. 


41 


Total 
Height 

6  1/4  in. 

«• 

6  in. 

■  « 

6  1/16  in 


61/4  in. 
6  1/2  in. 

S   15/16    ID. 


Type 
OA  .  .  . 


Fig.  567. — Dimensions  of  Westinghouse,  Single-phase  Watt-hour  Metexs. 

Bottom  Terminals. 

Approximate  Dimensions  in  Inches. 

Capacity 

Amptres  ABC 

S-io  2  9/16  in.  6  s/16  in.  7/16  in. 


Total 
Heigtit 

6  in. 
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^ 


B 


iT^ 


Pig.  568. — Dimensiona  of  Wcstinghouae,  Polyphase  Watt-hour  Meter. 

ApproximaU  Dimensions  in  'Inches. 

Capacity 
Type  Amperes  ABC 

C,  Plain S-80  3  9/16  in.         10  7/16  in.  7/16  in. 

C,  Sub  A  and  B 5^40  2  15/16  in.       10  3/4  in.  7/16  in. 

C,  Sub  A  and  B 80  2  15/16  in.       xo  3/4  in.  7/16  in. 


6 
6 
6 


Total 
Height 

1/8  in. 
i/i6in. 
1/3  in. 


Pig.  569. — Dimensions  of  Westinghouse,  type  DC  Watt-hour  Meter. 


Approximate  Dimensions  in  Inches. 

Type 

Capacity 
Amperes 

A                         B 

C 

Total 
Height 

DC.  Sub  A,  2-wire. . 
DC.  Plain,  a-wire . . 
DC,  Plain,  3'Wiro.. 

.   I 00-450 
5-100 
S-ioo 

4  1/16  in.        10  1/8  in. 
4  1/16  in.         10  in. 
4  1/16  \T\.         10  in. 

7/16  in. 
7/16  in. 
7/16  in. 

7  7/16  in. 
7  3/8  in. 
7  3/8  in. 
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1 


i /jk 


c 


B 


t: 


9^ 


Fig.  570. — Dimensions  of  Westinghousc,  DC  Tyi)e  Watt-hour  M etexs. 


Type  Amperes 

DC,  Sub  A,  2-  &  3-wire  5-7S 
DC,  Sub  A,  3-wire. . .   100-300 
CW-6,  2-  and  3-wixe.       S-SO 


Approximate  Dimensions  in  Inches. 

Capacity 

A 

3  IZ/16  in. 
3  11/16  ii 
31/2  in. 


m. 


B 

II  5/8  in. 
II  5/8  in. 
II  5/16  in. 


C 

7/16  in. 
7/16  in. 
7/16  in. 


Total 
Height 

7  i/ala. 

Sin. 

6  3/4  in. 
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FORT    WAYNE    ALTERNATING    CURRENT    WATT-HOUR 

METERS 

The  Port  Wayne  alternating  current  watt-hour  meter  is  of  the  induc- 
tion type  and  is  designed  to  register  the  energy  of  ahernating  current 
circuits,  regardless  of  the  power-factor  of  the  circuit.  It  embodies  the 
usual  combination  of  principles  of  operation  of  the  three  fundamental 
elements,  viz. :  the  induction  motor,  the  eddy  current  generator  and  the 
registering,  or  revolution  counting,  mechanism. 

The  electrical  arrangement  of  these  meters  consists  of  a  current  cir- 
cuit, composed  of  two  coils  connected  in  series  with  each  other  and 
in  series  with  the  line  to  be  measured,  and  a  potential  circuit  consisting 
of  a  reactance  or  impedance  coil  and  a  potential  coil  connected  in  series 
with  each  other  and  connected  across  the  line  to  be  measured.  In  addi- 
tion to  this,  the  potential  circuit  contains  a  light  load  coil  wound  over 
a  laminated,  sheet  steel  member,  adjustably  arranged  in  the  core  of  the 
potential  coil  and  connected  across  a  small  number  of  turns  of  the 
reactance  or  impedance  coil  so  as  to  give  a  field  substantially  in  phase 
with  the  impressed  e.  m.  f.  The  light  load  winding  is  further  provided 
with  a  series  adjustable  resistance  furnished  for  the  purpose  of  regu- 
lating the  current  flowing  in  the  light  load  winding,  thereby  providing 
a  means  of  lagging  the  meter  on  high  frequencies,  such  as  125-140  cycle 
circuits.  The  potential  circuit  also  comprises  a  lag  coil  wound  over 
the  upper  limb  of  the  core  of  the  potential  circuit  and  provided  with  an 
adjustable  resistance  for  obtaining  a  field  component  in  quadrature  with 
the   shunt  field. 

The  arrangement  of  the  parts  and  connections  of  the  various  coils  of 
the  Type  K  induction  watt-hour  meter  are  shown  diagrammatically  in 
Fig-  571-  The  function  of  the  various  parts  and  windings  will  be  de- 
scribed, and  the  parts  are  lettered  for  reference. 

C  is  a  closed  circuit  aluminum  cup  or  armature,  arranged  so  as  to 
be  cut  by  the  fields  of  the  current  and  potential  circuit  coils. 

SFC  and  SFC  are  the  main  series  field  coils  wound  in  opposite  direc- 
tions. 

SF  is  the  shunt  or  potential  circuit  field  coil  to  produce  a  field  that 
is  proportional  to  the  impressed  e.  m.  f. 

SFI  is  a  portion  of  the  potential  circuit  iron  used  to  complete  the  mag- 
netic circuit  for  the  potential  circuit  coil. 

60  cycle  PC  is  a  closed  circuit  secondary  winding  or  -phasing  coil 
for  lagging  the  meter  for  circuits  of  standard  frequency. 

60  cycle  PCA  is  an  adjustable  resistance  provided  to  regulate  the  cur- 
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140  cycle  PC  and  FC  is  the  coil  arranged  to  produce  a  starting  torqu 
for  friction  compensation,  which  is  also  used  as  a  phasing  coil  to  lag; 
the  meter  for  high  frequency  circuits. 

LLA,  shown  in  Fig.  572,  is  the  light  load  adjusting  arm. 

140  cycle  PC  A  is  an  adjustable  resistance  placed  in  series  with  the 
friction  compensation  coil,  both  being  connected  in  series  and  across 
a  few  turns  of  the  impedance  coil  IC. 


LOAD 


Pig.  57 1. — Fort  Wayne,  Type  K,  Induction  Watt-hour  Meter. 

IC  is  the  reactance  or  impedance  coil,  and  is  connected  in  series  with 
the  potential  circuit  field  coil. 

S  is  a  switch  in  scries  with  the  60  cycle  phasing  coil  and  the  adjustable 
resistance,  and  provides  a  means  for  adapting  the  meter  for  a  high  or 
low  frequency  circuit.  When  the  switch  is  open  the  meter  is  properly 
compensated  or  lagged  for  a  140  cycle  current,  and  when  closed  the 
meter  is  compensated  for  a  60  cycle  current. 

The  phase  relations  of  the  magnetic  fields  produced  by  the  various 
coils  in  the  Type  K  meters  are  represented  diagrammatically  in  Figs. 
573.  574  and  575- 
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In   the  vector  diagrams,  the   line   OX   represents  the   position  of  the 
c.  m.  f.  on  the  potential  circuit,  and  the  line  OY  represents  the  proper 
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Fig.  S7I.— ReUtion  of  Parts  in  Port  Wayne,  Type  K,,  Induction  Watt-hou.  Metei. 

phase  position  for  the  field  of  the  potential  circuit,  which  is  90  degre 
from  OX. 

As  the  TvDc  K  meter  is  desiened  to  ooerafp  on  eithpr  a    r^n  nr  o 
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cycle  circuit,  it  is  necessary  that  it  should  be  double  lagged,  that  is,  the 
phase   relation   of  the   fields   should   be   properly   compensated    for    each 


(a) 


(6) 


W 


B 


Pig.  573. — ^Fundamental  Vectors  of  Potential  Circuit  of  Type  K.  Induction  Watt-hour  Meter. 

frequency.     The   lagging  of  the   meter   for   a    140  cycle  circuit   will    be 
considered  first. 


Fig.  574. — ^Vectors  for  140- Cycle  Compensation  of  Type  K,  Induction  Watt-hour  Meter. 


OA  (Fig.  573  a)  represents  the  phase  position  atid  magnitude  of 
the  field  established  by  the  potential  circuit  field  coil;  the  large  dis- 
placement of  the  field  with  respect  to  OX  resulting  from  the  large 
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t  component,  is  obtained  by  the  impedance  coil  and  poten- 
tial circuit  field  coil. 

OB  (Fig.  S73  b)  represents  the  phase  position  and  magnitude  of 
the  field  due  to  the  currents  induced  in  the  closed  circuit  armature 
by  the  fields  of  the  potential   coil. 

OC  (Fig.  573  c)  represents  the  direction  and  magnitude  of  an 
equivalent  or  resultant  field  produced  by  the  fields  OA  and  OB.  The 
phase  position  of  OC  is  beyond  90  degrees. 

OD  (Fig.  574  d)  represents  the  component  field  produced  by  the 
140  cycle  phasing  coil  or  friction  compensator,  the  magnitude  of  this 

(/) 
iY 


Pic,  S7S.— V«tora  (or  6o-Cy( 

component  being  controlled  by  a 

may  be  varied  to  increase  or  decrease  the 

phasing  coil,  thus  controlling  the  magnitude  of  the  field  produced. 

OE  (Fig.  574  e)  represents  the  resultant  field  produced  by  the  com- 
bined action  of  the  components  OC  and  OD.  The  magnitude  of  the 
component  OD  is  adjusted  so  that  OE  will  assume  a  go  degree  position. 
Therefore,    the    meter    will    accurately    register    the    true    energy    of    the 

When  a  meter  lagged,  as  described,  for  a  140  cycle  circuit  is  connected 
to  a  60  cycle  Hrcuit,  the  90  degree  relation  of  the  magnetic  fields  no 
longer  exists,  and  the  resultant  flux  represented  by  OE  has  a  phase  posi- 
tion less  than  90  degrees,  as  shown  in  Fig.  575  f.  This  is  due  to  the 
reduction  in  the  rale  of  alternations  of  the  circuit  and  consequent  de- 
crease in   the   reaelancc,   which  lessens  the   magnitude  of  the  components 
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OB  and  OD  and  the  angles  XOA  and  XOD,  and  therefore  alters  the 
phase  relations. 

In  order  to  again  establish  the  90  degree  phase  relation,  the  60  cyde 
phasing  coil  switch  S  is  closed,  which  introduces  another  component  field 

OF  (Fig.  575  g)  represents  the  phase  position  and  magnitude  of  the 
field  produced  by  the  60  cycle  phasing  coil. 

OG  (Fig.  575  h)  represents  the  resultant  field  produced  by  the  com- 
bination of  the  component  OF  and  resultant  component  OE.     This 


Ser/es  F/o/d  Colls 


1^0^  Ph.  C. 

and 

_         • 

Compensator 


Shunt 
Cait 


Uaa/J 


^mmd^ 


,  ^  J^      Impedance 


60^ 
Coil. 


Ph. 


Loop  for 


Ph.  C.  ftdj\ 

Fig.  576.— Internal  Connections  of  Type  K.  Induction  Watt-houx  Meter. 


Ph.C.fldJ, 


field,  OG,  lies  on  the  line  OY  and  has  a  phase  displacement  of  00 
degrees  with  respect  to  OX. 

The  meter  is  then  properly  lagged  for  a  60  cycle  current  and  will  accu- 
rately register  the  energy  in  the  circuit. 

One  of  the  phasing  coils  is  wound  on  an  adjustable  arm  and  placed 
centrally  in  the  potential  circuit  field  coil,  producing  the  desired  additional 
field  to  give  a  resultant  potential  field  having  a  90  dcgfee  relation  wilh 
respect  to  the  impressed  e.  m.  f.,  as  explained.  The  field  established  by 
this  coil  is  not  in  phase  with  that  of  the  potential  coil,  and  when  in 
position  in  the  potential  coil  has  a  demagnetizing  effect  on  account  of 
lie  direction  of  its  winding  and  consequent  phase   position  of  its   field. 
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When  moved  from  the  central  position,  the  field  established,  cuts  the 
rotor  at  a  slight  angle  and  produces  an  un symmetrical  condition  and 
slight  rotating-field  eflFect.  A  torque  is  thus  produced  that  is  sufficient 
to  compensate  for  the  friction  without  disturbing  the  phase  displacement 
of  the  potential  circuit  field  as  a  whole. 

Fig-  572  shows  the  component  parts  of  a  Type  K2  meter,  the  ar- 
rangement of  the  parts  and  manner  in  which  they  are  assembled 
and  connected  is  also  shown. 
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Fig.  577. — Connections  of  Potential  Ciicuit  in  Type  K,  Induction  Watt-houi  Meters. 

Fig-  576  shows  diagrammatically  the  connections  and  coils  ar- 
ranged in  their  relative  positions. 

Fig-  577  shows  diagrammatically  the  connections  of  the  potential 
circuit  and  its  auxiliary  coils. 


Description  of  Various  Types 

Type  K 

The  Type  K  meter  (Fig.  578)  is  rectangular  in  shape  and  consists 
of  a  cast  iron  base  into  which  are  mounted  the  various   elements 
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The  reactance  or  impedance  coil  is  provided  with  a  core  of  sheet 
steel  punchings  and  arranged  to  slip  into  a  pocket  in  Che  lower  part 
of  the  base,  this  packet  having  a  back  cover  secured  from  the  inside 
to  prevent  tampering.  The  core  is  so  arranged  that  by  removing 
two   screws,  the  core  and   coil   may   be   readily   removed   for   repairs. 

The  current  coils  are  wound  over  cast  brass  spiders  suitably  secured 
to  the  milled  surfaces  in  the  base.  It  is  obvious,  therefore,  that  the 
magnetic  circuit  of  the  current  coils  is  made  up  largely  of  air,  there 
being  no  laminated  core  in  the  coils. 

These  meters  are  provided  both  with  a.  four  or  five-dial  reRister 
and  with  dull  porcelain  dial  faces  and  further  provided  with  a  remov- 


Fio.  578.— Port  Wayne,  Type  K,  Form  SAA,  Induction  Walt-hour  Meter. 

able  bracket  carrying  the  ratio  gears,  so  as  to  readily  change  the 
capacity  of  the  meter  register. 

These  meters  are  provided  with  either  o 

effective  cup  area,  thereby  providing  ready  means  of  altering  the  speed 
at  full  load  and  giving  a  full  load  adjustment.  Raising  the  magnets 
decreases  the  speed,  and  lowering  the  magnets  increases  the  speed. 

The   light  load  adjustment   is   effected  by   moving   the   screws   A  and 
B.  Fig.  579.    The  speed  of  the  meter  can  be  increased  on  light  loads 
by  loosening  screw  A  and  tiRhtening  screw  B  and  decreased  by  loos- 
ening screw  B  and  tightening  screw  A.     The  clamping  screw  C  must 
_not  be  loosened  in  making  this  adjustment. 
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Type  K  wattmeters  used  on  125  to  140  cycle  circuits  cati  be 
changed  for  use  on  60  cycle  circuits  without  taking  the  meter  out 
of  service.  To  change  from  high  frequency  (125  to  140  cycles)  to 
low  frequency  (60  cycles)  close  the  circuit  at  D,  Fig.  57g,  by  solder- 
ing the  large  copper  wires  together.  To  change  the  meter  from  low 
frequency  to  high  frequency,  open  the  circuit  at  D  by  unsoldering 
and  separating  the  ends  of  the  copper  wires. 

After  making  this  change  Ihe  speed  of  the  meter  should  be  taken. 
If  not  correct  the  position  of  the  permanent  magnet  should  be  ad- 
justed until  the  correct  speed  is  obtained. 

To  facilitate  repairs,   all  parts  are  standard  and  interchangeable.     If 


id  side  View  of  Port  Way 


the  meter  should  become  damaged  or  much  worn  it  should  be  taken  out 
of  service,  repaired  and  recalibrated.  In  preparing  a  meter  for  calibra- 
tion all  parts  should  be  carefully  examined  and  cleaned.  If  the  meter 
has  been  operating  with  a  broken  jewel,  the  shaft  should  be  renewed 
as  well  as  the  jewel.  The  shaft  may  be  renewed  by  removing  reg- 
ister bracket  complete  with  register,  and  taking  the  cup  and  shaft 
out  bodily  (Fig.  580). 

When  renewing  the  jewel  bearing,  screw  the  jewel  in  until  the  head 
jams  firmly  against  ihe  head  of  the  jewel  sleeve.  Only  the  very  best 
clock  oil  should  be  used  in  oiling  the  different  bearings.  The  worm  must 
never  be  oiled. 

Tha  cover  consists  of  an  aluminum  casting  fitting  into  a  groove  in  the 
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base,  this  groove  being  lined  with  heavy  felt  to  render  the  meter   dust 
and   tamper   proof.   The   cover   h   provided   with   one   opening  at   the    top 


through  which  the  register  can  l)c  viewed  and  through  which  the  rotation 
of  the  cup  can  be  seen.     The  cover  is  secured  by  a   single  sealing  screw 


Flii,  s82.— Fort  Way 


at  the   top.   the  arrangement  being  such   that  a  prong  cast   in   the   lower 

■surface   of  the   cover   engages   a   east  eyelet   in   the   base   much   after   the 

^fashion  of  a  hinge.     The  screw  is  provided   with  a  sealing  wire   to  pre- 
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venl  tampering.  The  nameplate  is  cast  directly  into  the  cover  and  con- 
tains various  data,  such  as  the  ampere,  voltage  and  frequency  rating, 
together  with  the  serial  number  and   form. 

The  three -terminal  construction  is  provided  in  these  meters — one  at 
either  side,  near  Ihc  top,  into  which  one  line  and  one  load  wire  enters, 
and  a  small  terminal  at  the  middle  of  the  lop  for  the  shunt  tap.  In  the 
case  of  three-wire  meters,  however,  both  sides  of  the  line  are  carried 


(,  Type  K,  Form  SBA.HiKhToir 


through  the  meter  and  the  potential  circuit  is  connected  across  Ihe  two 
outside  lines   (Figs.  581   and  5«^). 

All  Type  K  single -phase  meters  having  one  magnet  are  low  torque 
meters,  and  the  two  magnet  meter.i  of  this  type  (also  Types  Ki  and  Ki) 
are  high   torque  meters   (Figs.  583  and   584). 

The  direction  of  rotation  in  these  meters  is  clockwise,  when  vie 
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from  above,  and  the  calibrating  constants  are  given  in  Chapter   XV. 
The  formula  used  for  calibrating  these  meters  is: 
Rev  X  100  X  K 


The  low  lorque  and  high  torque  forms  of  this  type  were  produced  in 
1899  and  1902,  respectively. 

Type  Ki  Meters 

The  general  electrical  design  of  the  Type  K,  meter  is  exactly  the 
same  as  the  Type  K  meter,  with  some  modifications  in  the  windings 
and  magnetic  circuits  to  reduce  the  losses. 

The  general  mechanical  details  of  the  Type  K,  meter  are  exactly 
the  same  as  the  Type  K  meters,  except  that  the  rotating  element  is  pro- 


F1C.S84.— Fort  Wayne.  Type  K.  Polyphase,  Induction  Watt-hour  Metei,  Surilchboaid  Type. 

vided  with  a  removable  lower  pivot,  four-lerminal  construction  through- 
out, watt-hour  calibrating  constant,  aivl  a  brass  nameplate.  In  addition 
to  this,  some  changes  in  the  general  mechanical  arrangement  have  been 
made,  which  do  not  affect  the  general  appearance  in  any  manner  what- 
ever (Figs.  585  and  586). 

The  removable  lower  pivot  is  so  arranged  thai  by  removing  the  jewel 
screw  and  using  a  pivot  wrench,  the  pivot  may  be  removed  and  replaced 
without   removing  the   rotating   clement. 

To  facilitate  adjustment  the  magnets  are  provided  with  a  micrometer 
.idjusting  screw  immediately  behind  the  lower  iiorlion  of  back  half  of 
magnet  and  immediately  below  the  magnet  hrackvl.  Owing  tn  the  con- 
struction involved,  which  consists  of  a  simple  screw  arranged  10  operate 
in  a  tapped  hole  in  the  magnet  bracket,  and  the  head  of  the  screw 
being  enlarged  so  as  to  fit  a  milled  recess  in  the  black  portion  of  the 
magnet,  turning  the  screw  to  the  right  raises  and  turning  to  the  left 
flowers  the  magnet.    To  accomplish  this,  to  (he  best  advantage,  the  magnet 
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pre.  s8s.— Eilemn!  View  Fort  Wayne,  Type  Ki.  Ponn  SAB,  Induction  WaW-hour  Msler. 


Ftc.  5S6.— F(Ht  Wayne.  Type  Ki,  Pom  MAB,  PolyphMe,  Induction  W.ll 
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clamp  retaining  screws  should  just  be  loosened  sufficiently  to  allow  the 
satisfactory  movement  of  the  magnet. 

The  terminals  are  located  at  the  top  of  the  meter,  and  in  both  two  and 
three-wire  meters,  both  sides  of  the  line  are  carried  through  the  meter, 
the  line  wires  entering  at  the  left  and  the  load  wires  leaving  al  the   right 

The  cover  which  is  of  Ihe  same  general  construction  as  that  employed 
in  the  Type  K  meter  is  provided  with  two  openings,  one  for  viewing  the 
register  and  one  tor  observing  the  revolution  of  the  cup   (Fig.   585). 

Both  Ihe  low  and  high  torque  forms  of  this  type  were  produced  in   1908. 

Type  Ki  Meters 

The  general  electrical  design  of  tl 
as  the  Type  Ki   meters,  except  that 


Flc,  sSr.— IntHDul    View    of   Fort   Wayne,  Pig.  58S.— Intornal    View   of   Port    WajTie. 

Type  K,  and  K„  Fonn  SAA.  Low  Tor-  T/pe   K,  and    K,.    Form    SBB.   Hifdi 

que.  Induction  Wall-houi  Mpt.^r.  allow-  Torque,     Induction    Watt-houi    Metei. 

ing  Light  Load   Adiustmunt.     (Sec  in-  showing   Light  Load  Adjustment.      (See 

circuit  have  been  greatly  reduced  and  a  sheet  steel  core  and  shield  pro- 
vided. This  has  the  effect  of  greally  reducing  the  losses  in  the  current 
circuit  and  shielding  the  measuring  system  from  external  fields  (Fips. 
5«7  and  5f«)- 

The  general  mechanical  details  of  the  Type  Ki  meter  arc  exactly 
the  same  as  the  Type   K,   nieter. 

Both  the  low  and  high  torque  forms  nf  ihi"  type  were  produced  in   1909. 
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Type  K.  Meiers 

The  general  electrical  design  of  the  Type  Ki  meter  is  exactly  the 

same  as  the  Ki  and  Kj  meters,  except  that  the  weight  of  the  rotating 

element  has  been   considerably   reduced   and   the   windings   and   magnetic 

i  modifieil  slightly  lo  reduce  the  losses. 

^  general  mechanical  details  of  the  Ki   meter  are  exactly  the 
as  the  K,   meter  in  every  respect   (Figs.  589.  390.  59'  and  592)- 


Pic.  s*9.— Enlerpiil   View  oi   Fort  Wnyne,        Fig   jgo.— Eiteinal   View  of  Foit   Wayne. 
Type  K,.   K,  nnd  K,.  Farm  SAA,  In-  Typo  K,,  K,  and   K,.  Foim  SBE.  In- 

duction Walt-houi   Mete..  duclitin  Wallhou.   Mtter. 

The  low  torque  and  high  torque  forms  of  this  type  were  produced 
in    1909  and    1910,   rcspetlivcly. 

Type  K,  Meiers 

The  general  electrical  design  of  the  Type  K,  meter  is  considcralily 
diRerent  from  any  of  the  former  models.  The  arrangement  consists  of 
a  current  circuit  of  one  coil  wound  over  a  sheet  steel  core,  and  a  potential 
circuit  of  a  single  coil  arranged  to  slip  over  .in  E-shapcd  core,  so  located 
with  reference  to  the  current  coil  core,  and  another  core  known  as  the 
magnetic  shield,  a8  to  provide  motor  mechanism  of  compact  design. 

The  damping  system  consists  of  a  semi-circular  shaped  drag  magnet  so 
constructed   and    formed   as   to   present   two  pole   faces   projecting   to   lhe^_ 
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Pic  i9».— Eitcinal  View  o(  Port  Wayne.  Type  K,.  Pone  SBC.  lodtictioa  Watl  hour  Meto 
center  ant!  in  a  circle  concentric  with  the  cup.  By  placing  a  slccl  punch- 
ing bent  to  the  proper  radius  on  the  inside  of  the  cup,  an  astatic  damp- 
ing system  is  provided   {Fig.  593)- 

Lagging  is  accomplished  by  means  of  a  punched  copper  plate  arranged 


:,  Type  K,,  Polyphase.  Indue 
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to  embrace  the  middle  pole  of  the  polential  core.    The  lag  is  fixed  at  the 
factory  and  is  not  arranged  for  adjustment. 


T  Locldni  Full  Load  Adjuitnu 


Pic,  S93.~PoTt  Wsynr,  Typs  K,,  Poim  SAA,  InduclEon  Watt-houc  Meter. 

The    tight    load    adjuslmcrl    mechanism    consists    of    a    sheet    coppe- 
DunchinK  embracine  the  middle  pole  of  the  potential  core,  pivoted  at  t1 
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top,  and  actuated  by  an  eccentric  cam  at  the  bottom  in  such  a  manner 
that  the  plate  may  be  shifted  from  one  side  to  the  other,  thereby  provid- 
ing a  means  of  light  load  adjustment. 

The  base  of  this  meter  consists  of  a  drawn  steel  base  provided  with 
three-point  support,  with  a  suitable  terminal  chamber  at  the  bottom.  The 
two  lower  supporting  screws  are  accessible  only  through  the  terminal 
chamber,  making  it  impossible  for  unauthorized  parties  to  change  the 
position  of  the  meter  after  the  terminal  chamber  cover  has  been  sealed 
in  position. 

The  terminals,  which  are  arranged  for  carrying  both  sides  of  the  line 
through  the  meter,  are  moulded  in  an  insulating  compound  and 
arranged  to  be  assembled  as  a  unit  in  the  terminal  chamber.     The 
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Pig.  594. — Dial  face  of  Fort  Wayne,  Type  K4.  Watt-houi  Meters. 


line  wires  enter  at  the  left  and  the  wires  to  the  load  leave  at  the 

m 

right  side  of  the  meter. 

The  register,  which  is  of  the  four-dial  type,  embodies  a  double 
worm  reduction.     The  dial  face  is  of  dull  porcelain  (Fig.  594). 

The  rotating  element,  which  is  of  the  same  general  design  as  that  used 
in  the  former  meters,  is  considerably  lighter  in  weight.  The  shaft  is 
provided  with  a  removable  lower  pivot.  The  various  elements,  such  as 
the  measuring  system,  the  damping  system  and  registering  system,  arc 
secured  to  a  cast  aluminum  alloy  frame,  secured  to  supporting  posts 
by  three-point  support  to  the  base.  , 

The  cover,  which  is  a  one-piece  metal  stamping,  is  secured  to  th« 
base  by  a  three-point  bayonet  lock,  a  simple  movement  locking  the  cover 
in  position.  A  sealing  screw  is  provided  to  prevent  tampering.  The 
joint  between  the  base  and  cover  is  dust-proofed  by  a  heavy  piece  of  felt 


DESCRIPTIVE   DATA    ON    WATT-HOUR   METERS        895 

in  the  bottom  of  the  groove.  The  cover  is  provided  with  a  large  circular 
opening  through  which  the  interior  of  the  meter  may  be  viewed. 

In  Types  Ki,  K2,  K»  and  K*  watt-hour  meters  the  direction  of 
rotation  of  the  moving  element  is  clockwise,  when  viewed  from 
above,  and  the  calibrating  constant  which  is  given  in  terms  of  the 
^vatt-hour  constant  is  stamped  on  the  cup.  The  Register  ratios  will 
also  be  found  stamped  on  the  back  plate  of  the  register. 

The  formula  used  for  calibrating  these  meters  is 

3,600  X  K^  X  Rev. 

=  Watts. 

Seconds 

The  test  constants  and  gear  ratios  for  different  capacities  will  be 
found  in  Chapter  XV. 

When  installing  the  standard  front  connected  meter,  it  should  be  se- 
cured by  a  screw  through  the  top  plug  to  a  solid  perpendicular  support. 
It  should  then  be  carefully  leveled  before  screws  are  set  in  the  lower 
lugs.  To  level  a  standard  form  meter,  remove  the  packing  wedge  and 
lower  the  jewel  post  nut  so  that  the  rotating  parts  will  rest  on  the  jewel. 
Place  a  light  non-magnetic  weight  on  the  edge  of  the  aluminum  cup  and 
adjust  the  position  of  the  meter  until  the  weight  remains  in  any  position 
given  it.  To  level  the  separate  seal  meter,  use  the  milled  boss  on  top 
of  the  nieter:  with  a  small  spirit  level,  the  meter  should  then  be  leveled 
carefully  both  ways.  The  meter  should  then  be  connected  in  circuit, 
care  being  taken  to  secure  a  good,  firm  contact  with  the  circuit  wires. 
Remove  the  packing  wedge  and  lower  the  jewel  post  nut  so  that  the 
rotating  parts  will  rest  on  the  jewel.  When  the  meter  is  properly  con- 
nected in  circuit  the  cup  will  rotate  to  the  left  or  in  a  clockwise  direc- 
tion when  viewed  from  the  top. 

Type  K  single-phase  watt-hour  meters  are  of  three  regular  forms. 

The  standard  form  is  Form  S  A  A.  The  terminals  of  Form  S  A  A 
meters  are  led  directly  out  to  the  line  and  the  meter  is  sealed  by  sealing 
on  the  case. 

In  Form  SAB  meters,  the  external  connections  are  sealed  in  a  sep- 
arate terminal  box  with  a  separate  seal.  The  seal  for  the  case  is  similar 
to  that  used  in  Form  S  A  A  meters.  The  terminal  box  is  situated  in  the 
upper  part  of  the  meter  and  is  covered  from  the  top  by  a  metal 
cover  fastened  with  one  screw  which  is  drilled  for  the  sealing  wire. 

The  Form  SAC  meter  is  the  switchboard  pattern  of  the  Type  K  meter. 
It  is  designed  for  mounting  on  the  front  of  the  switchboard:  It  is  pro- 
vided with  back-of-board  connections  and  is  secured  to  the  board  from 
the  back. 
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The  following  are  additional  form  numbers  of  Type  K  watt-hour 
meters  which  have  been  tabulated  with  the  foregoing  form  numbers, 
and  for  each  of  the  forms  is  given  data  pertaining  to  the  number  of 
circuits,  terminals,  cover  and  magnets. 


Single-Phase 

* 

Form 

Circuit 

Tenninals 

Cover        No. 

of  MagneU 

SAA 

Single-phase 

Sealed  in  meter 

Metal 

One 

SAB 

Separately  sealed 

14 

li 

SAC 

Back  connected 

Round  glass  swb. 

II 

SAD 

Sealed  in  meter 

Moulded  glass 

«< 

SAE 

Separately  sealed 

li            II 

II 

SBA 

Sealed  in  meter 

Metal 

Two 

SEE 

Separately  sealed 

11 

I* 

SEC 

Back  connected 

Round  glass  swb. 

«i 

SED 

Sealed  in  meter 

Moulded  glass 

It 

SEE 

Separately  sealed 

II            II 

14 

SEK 

Cable 

Metal 

II 

vSBL 

<i 

Moulded  glass 

41 

Polyphase 

MAA 

Polyphase 

Sealed  in  meter 

Metal 

MAE 

Separately  sealed 

II 

MAC 

Back  connected 

Round  glass  swb. 

MAD 

Sealed  in  meter 

Moulded  glass 

MAE 

Separately  sealed 

tt            II 

MAK 

Cable 

Metal 

MAL 

<i 

Moulded  glass 
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Types  K,  Ki,  K2  and  Ks  meters  are  made  in  sizes  of  5  to  800  amperes 
inclusive,  in  the  customary  sizes  for  the  following  voltages:  ioo/i25» 
200/250,  400/499  and  500/625  in  both  single-phase  and  polyphase  meters 
except  for  the  three-wire  meter,  which  is  made  for  currents  up  to  150 
amperes  only.     Type  K4  is  made  in  sizes  of  5  to  25  amperes  only. 

AH  Type  K  watt-hour  meters  are  classified  according  to  the  number 
of  wires  and  voltage  of  the  system  for  which  they  are  designed.  The 
class  2-50  meter  is  a  two-wire,  50  volt  meter,  class  3-220  meter  is  a 
three-wire,  220  volt  meter  and  class  2-2200  meter  is  a  two-wire  meter 
for  use  on  a  2200  volt  circuit. 

The  standard  finish  for  Type  K  meters,  Form  S  A  A  and  Form  SAB 
is  a  black  japan  finish.  The  standard  finish  for  Form  SAC  meters  is 
a  black  oxidized  Baucr-Bauff  finish. 

With  all  Type  K  watt-hour  meters  on  voltages  higher  than  220  volts, 
a  small  voltage  transformer  is  used  in  the  potential  or  voltage  circuit. 

With  all  meters  larger  than  250  amperes  capacity,  a  current  trans- 
former is  used  in  the  series  or  current  circuit. 

These  meters  may  b.e  used  on  circuits  of  higher  voltages  than  those 
listed  in  the  tables  of  standard  ratings  by  using  a  voltage  transformer 
in  the  potential  circuit  and  a  current  transformer  in  the  series  circuit  in 
all  capacities,  thus  keeping  the  high  line  potential  from  the  interior  of 
the  meter. 

The  following  diagrams  show  the  external  connections  of  Fort 
Wayne  watt-hour  meters  for  frequencies  of  over  35  cycles.  For  fre- 
quencies from  25  to  35  cycles  an  external  reactance  must  be  con- 
nected in  the  potential  circuit  on  account  of  the  decreased  impedance 
due  to  the  lower  frequency.  With  meters  which  are  used  with  instru- 
ment transformers,  the  external  reactance  is  connected  in  the  low- 
tension  side  of  the  voltage  transformer,  and  in  the  potential  circuit 
(Figs.  595  to  620). 

External  dimensions  of  these  types  of  watt-hour  meters  are  given 
in  Figs.  621  to  628. 
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External  Connection  Diagrams 


uHe 


UOAO 


Fig.  595. — External  Connections  for  Types  Ki.Kq,  K|,  Single-phase,  a-wire.  Induction  Watt. 

hour  Meters,  5-50  Ampcies,  100-625  Volts. 
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Pig.  596. — External  Connections  foi  Types  Ki,  Kg.  Kj,  Single-phase,  2-wire,  Induction  Watt- 
hour  Meters,  above  300  Amperes,  100-625  Volts. 
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Fig.  597. — ^Exlernal  Connections  for  Types  Ki.  K^,  Ka,  Single-phase,  3  wire.  Inducttcn  Watt- 
hour  Meter,  626-1250  Volts. 
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Fig.  598. — External  Connections  for  Types  Ki,  Kq.  Kg,  Single  phase,  2-wire.  Inductioa  Watt- 
hour  Meter,  all  Capacities,  above  625  Volts. 
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Pig.  599. — External  Connections  for  Types  K^.  K3,  Kt,  Single-phase,  s-wiro.  Induction  Watt- 
hour  Meter,  5-50  Amperes,  200-500  Volts. 
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Fig.  600. — ^Externa]  Connections  for  Types  Ki,  Ks,  K|.  Single-phase,  3-wire,  Induction  Watt- 

hour^Meter,  above  150  Ampeies,  200-500  Volts. 
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Fig.    6oi. — External   Connections  for 

w 

Types  Ki,  Ki,  Ks.  Single-phase,  2- 
wire.  Induction  Watt-houi  Meter, 
75-300  Amperes,  ioo-<3a5  Volts. 


Pig.  6oa. — External  Connections  Ici 
Types  Ki.  K^,  Kj,  Single-phase.  > 
wire.  Induction  Watt-hour  Meter, 
75-300  Amperes,  650- 1200  Volts. 


Pig.  603. — External  Connections  for 
Types  K|.  Kg,  Ka,  Single- phase,  3- 
wire.  Induction  Watt-hour  Meter, 
75-150  Amperes,  100-500  Volts. 
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Fig.   604. — External  Connections  foi   Type   K<,   Single- phase,    a-wiie.   Induction  Watt-hour 

Metirs,  s-25  Amperes,  110-220  Volts,  so-140  Cycles. 


Fig.    60s. — External  Conmctions  for  Type  K4,  Single-phase,  3-wiie,  Induction  Watt-hour 

Meters,  5-25  Amperes,  110-220  Volts,  50-140  Cycles. 
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FzG.  606. — ^Bxternal  Connectioos  for  Tjrpe  Kx,  Two-phase,  4-wire,  Induction  Watt*  hoar 

Meter,  below  aoo  Ampeies,  100-625  Volts. 


Fig.  607. — External  Connections  for  Type  Ki,  Two-phase.  4- wire.  Induction  Watt-hour  Meter*; 

above  150  Amperes.  100-625  Volts. 
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Pig.  608. — Eztexnal  Connectioos  for  Type  Ki,  Two-phase,  4- wire,  Induction  Watt- hour  Meter, 

all  Capacities,  above  125  Volts. 


Line 


Load 


Pig.  6o9- — External  Connections  for  Type  Ki.  Two-  and  Thiee  phase,  3-wixe.  Induction  Watt- 

hom  Meter,  below  200  Ampeics,  100-625  Volts. 
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Pig.  6io. — ^External  Connections  for  Type  Kj,  Two-  and  Thiee-phase.  3-wiie,  Induction  W»tt- 

houi  Meter,  above  150  Amperes,  100-625  Volts. 


Fig.  611. — External  Connections  foi  Type  K,,  Two-  and  Thiee-phase.  3-wire,  Inductioo  W 

houi  Meter,  all  Capacities,  above  625  Volts. 
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Pie.  613.— EiURiil  CoimectlaDa  (oi  Type  Ks.  Two-phaie.  4'Win.  loductioa  Watt-houi  MeMi. 
■bov«  ISO  Amocrct.  100-61.1  Volt*. 
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Pig.  614. — Exteioal  Coonectloni  foi  Type  Ki.  Two-phuc,  4-wite.  all  Capacities,  abort  6, 
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Pic.  616. — External  Connections  for  Type  K»,  Two-  and  Three-phase.  3-wiie,  Induction  Watt- 
hour  Meter,  above  150  Amperes,  100-625  Volts. 
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Pig.  617. — External  Connections  for  Type  Ka,  Two-  and  Three-phase,  3-wire,  Induction  Watt- 
hour  Meter,  all  Capacities,  above  625  Volts. 
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Pig.  620. — External  Connections  for  Type  Kj,  Three-phase,  4-wire,  Induction  Watt-bonr 

Meter,  all  Capacities,  above  625  Volts. 
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External  Dimension  Diagrams 


r^ 

\^ 

Pig.  621. — Diagram  of  Dimensions  of  Types  Ki,  Ki  and  K«,  Single-phase,  Induction  Watt-hour 
Meter.  5  to  50  Amperes,  and  with  Current  Transformers,  above  300  Amperes. 
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Fig.  623. — Diagram  of  Dimensions  of  Types  Ki,  Ki  and  K»,  Single-phase,  Induction  Watt« 

hour  Meter,  75  to  300  Amperes. 
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Pig.  623. — Diagram  of  Dimensions  of  Types  Ki.  Ka  and  Kj,  Single-phase,  Inductioa  Watt- 
hour  Metei ,  5  to  50  Amperes,  and  with  Current  Transformers,  above  300  Amperes. 

Separate  Sealed  Terminals. 
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Pig.  624. — Diagram  of  Dimensions  of  Type  K,  Single  phase.  Induction  Watt-hour  Meter, 

all  Capacities. 
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Pig.  e>e.— Diagra&\  Of  pinifiilions  of  Typr  Ki,  Polyphaie,  Induction  Watt-hour  Meter,   all 
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Fir.  6j7- — Dineram  of  Dim 
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SANGAMO    MERCURY    MOTOR    TYPES    OF    WATT-HOUR 
METERS   AND    AMPERE-HOUR   METERS 

Continuous  and  Alternating  Current 

As  the  fundamental  principle  and  general  construction  of  all  Sangamo 
mercury  motor  meters  is  the  same,  a  description  of  the  general  mechan- 
ical features  of  the  mercury  motor  meter,  with  reference  in  detail  to 
special  electrical  features  of  each  of  the  above  types,  will  be  given. 

All  mercury  motor  meters  are  based  on  the  well-known  Faraday  disk 
principle  (Fig.  39,  p.  60),  according  to  which  a  metallic  disk  will 
rotate  if  current  is  passed  between  its  axis  and  periphery,  the  path 
across  which  the  current  passes  in  the  disk  being  subjected  to  a 
magnetic  field. 

Description  of  Various  Types 

Type  C 

The  first  Sangamo  mercury  meter,  Type  C,  was  brought  out  in  the 
fall  of  1904.  This  meter  was  of  the  same  fundamental  principle  as  the 
present  types,  but  owing  to  the  various  defects  found  with  this  meter,  its 
manufacture  was  soon  discontinued  and  it  was  superseded  by  the  first 
Type  D  continuous  current  meter  in  the  fall  of  1905. 

Type  D,  Continuous  Current 

In  the  first  Type  D  meter  a  thin  copper  disk  was  completely  immersed 
in  mercury  in  a  chamber  formed  of  moulded  insulating  material,  with 
suitable  copper  contacts, — imbedded  in  the  insulation  at  each  extremity 
of  a  diameter  of  the  chamber, — adapted  to  carry  current  in  and  out 
from  the  mercury.  The  armature  was  provided  with  a  hollow  copper 
shell,  or  float,  so  that  the  buoyancy  of  the  armature  immersed  in  mer- 
cury was  sufficient  to  give  the  entire  moving  system, — consisting  of  the 
armature  inside  the  chamber  and  the  aluminum  damping  disk  outside, — a 
slight  and  positive  upward  thru.st. 

In  the  upper  moulded  insulation  piece,  forming  the  mercury  chamber, 
a  steel  plate,  or  ring,  was  imbedded  so  that  it  acted  as  a  return  for  the 
lines  of  force  emanating  from  a  potential  circuit  magnet  placed  below  the 
chamber  and  with  its  pole  pieces  having  their  centers  on  the  same  dia- 
metrical line  as  the  contacts  of  the  mercury  chamber.  With  this  arrange- 
ment, current  passing  between  the  contacts  was  subjected  to  the  influence 
of  the  two  fields  uassine   through   the  disk   in   oonosite   directions,   and 
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thus  a  continuous  torque  effect  was  obtained,  depending  upon  the  volume 
of  current  passing  and  the  intensity  of  the  field.  With  a  field  varying 
proportionally  to  the  voltage  and  current  through  the  chamber  being 
the  load,  or  a  fractional  part  thereof,  a  torque  was  obtained  proportional 
to  the  power  except  for  the  error  introduced  by  the  damping  effect  of  the 
potential  circuit  field  upon  the  armature  itself.  The  necessary  main 
damping  was  obtained  by  the  damping  disk  referred  to  above,  acted 
upon  by  two  permanent  magnets  held  in  the  back  of  the  meter  and  not 
adapted  to  be  moved  with  respect  to  the  disk,  but  having  the  drag  effect 
of  the  damping  disk  and  magnets  relatively  large  as  compared  with  that 
of  the  potential  circuit  field  on  the  armature.  The  error  on  varying 
voltage  was  thus  reduced  and  rotation  of  the  armature,  driving  the  damp- 
ing disk,  was  thus  practically  proportional  to  the  energy  passing. 

Motion  was  transmitted  from  the  shaft  to  a  recording  train  through 
a  worm  and  worm  wheel  in  the  usual  manner,  and  the  dials  of  the  origi- 
nal Type  D  meter  read  in  watt-hours,  having  five  dials,  with  the  first 
dial  for  i,ooo  watt-hours  per  revolution  of  the  dial  hand. 

In  the  original  Type  D  meter,  as  in  all  subsequent  ones,  spilling  of  the 
mercury  during  shipment  or  in  handling  was  practically  prevented  by  a 
construction  of  the  mercury  chamber  somewhat  like  an  invertible  ink- 
well, a  pocket,  or  space,  being  provided  for  the  mercury  to  run  into 
when  a  meter  was  turned  upside  down  so  that  there  was  very  little 
opportunity  for  mercury  to  get  out  between  the  shaft  and  the  ring  jcwd 
in  the  cover  of  the  mercury  chamber. 

Type  D,  Alternating  Current 

Shortly  after  the  Type  D  continuous  current  meter  was  brought  out, 
an  attempt  was  made  to  build  an  alternating  current  mercury  meter  by 
putting  a  condenser  of  suitable  capacity  in  series  with  the  potential  coil 
as  used  in  the  continuous  current  meter;  all  other  features  of  the  meter 
being  as  just  described.  With  this  arrangement,  when  there  was  a  cer- 
tain definite  frequency,  a  balance  could  be  obtained  between  the  capacity 
of  the  condenser  and  the  inductance  of  the  potential  coil,  so  that 
current  passing  through  the  potential  coil  was  in  phase  with  the 
impressed  e.  m.  f.,  and  in  that  case,  as  is  evident,  a  true  measurement 
of  energy  under  all  condition  of  power-factor  was  obtained.  This 
meter,  however,  suffered  an  extreme  error  from  very  slight  variations 
in  frequency,  owing  to  the  use  of  the  capacity  and  inductance  bal- 
ance feature  so  that  after  a  small  number  had  been  manufactured, 
this  type  was  discontinued  for  alternating  current  measurement. 

In  June,  1906,  another  form  of  alternating  current  meter  was  devel- 
oped, this  also  being  called  Type  D,  through  a  rather  unfortunate  selec- 
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t'lon  of  classtficalion,  but  ihe  operation  was  by  means  of  a  small  voltage 
transformer  within  the  meter  instead  of  a  condenser.  This  mode  of  oper- 
ation was  continued  in  the  Type  F  meter  described  below,  and  as  the 
Type  F  is  the  final  form  in  which  the  transformer  type,  mercury  meter 
has  been  manufactured,  a  further  description  of  the  Type  D  transformer 
meter  seems  unnecessary. 

Type  E,  Alternating  Current 
The  above  type  was  further  continued  in  the  Type  E,  alternating  cur- 
rent mercury  meter,  beginning  with  January,  190?,  and  the  manufacture 
of  this  type  was  continued  until  the  fall  of  190?.  This  was  similar  in 
most  respects  to  the  Type  D  transformer  alternating  current  meter,  but 
with  some  modifications  in  the  armature,  adjustments,  etc. 

Type  D  Continuous  Currenl.     (Present  Form) 
During  1906  and   1907  the  Type  D  continuous  current  meter   was  im- 
proved  in    various   details    until    in    the   spring   of    1908   the   meter   was 
brought  out  in  its  present  form  as  described  in  detail   below,  and  at  the 


Pic.  619.— Ciob  section  of  Motor  Element  o(  Sanguna  Wfttt-hmu  Meters. 

saine  lime  the  Type  F,  alternating  current,  mercury  meter  was  put  on 
ihc  market.  The  present  Type  D  meter  and  the  present  Type  F,  arc 
exactly  alike  in  all  structural  details ;  in  fact,  in  everything  except  the 
arrangements  peculiar  and  necessary  to  the  continuous  current  and  alter- 
natina:  current  forms,  respectively. 
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In  Fig.  629  is  shown  a  cross-section  of  motor  element  of  the  mer- 
cury meters  as  now  made  by  the  Sangamo  Company,  from  which  the 
arrangement  of  armature,  hard  wood  float,  laminated  iron  return  plate, 
contacts  and  metal  bottom  plate  will  be  plainly  seen.  In  this  view  is  also 
shown  the  arrangement  of  middle  ring  jewel  where  the  shaft  passes  up 
from  the  mercury  chamber,  with  inverted  inkwell  construction,  and  the 
upper  bearing,  which  takes  the  slightly  upward  pressure  of  the  moving 
system.  In  this  cross-section,  the  laminated  magnet  of  the  Type  D  and 
Type  F  meter  is  omitted  for  the  sake  of  clearness. 

In  Fig.  630  is  shown  the  internal  connections  of  this  meter,  which 
will  give  a  further  idea  of  the  construction. 

A. — Copper   disk   armature,    submerged   in  mercury. 

B. — Bridge  wire  between  binding-posts,  for  main  load  current 
when  both  sides  of  the  line  are  carried  through  the  meter. 

CT. — Compounding  series  turns  around  potential  circuit  magnet 
building  up  field  as  load  increases,  to  compensate  for  falling  off  in 
speed  otherwise  found. 

D. — ^Aluminum  damping,  or  brake  disk,  controlling  speed  of  meter. 

E. — Copper  contact  ears,  imbedded  in  insulating  wall  of  mercury 
chamber,  leading  current  into  and  out  from  armature. 

F. — Hardwood  float  on  armature  proportioned  to  give  slight 
"  lift "  to  entire  moving  system,  when  armature  and  float  are  im- 
mersed in  mercury. 

H. — Soft  steel  disk  above  permanent  magnets,  riveted  to  fine  pitch 
screw  working  in  bracket  above,  so  that  adjustment  of  the  disk  up 
or  down  gives  variation  in  damping  effect  of  permanent  mag^nets, 
and  therefore  of  main  speed. 

K. — Clamp  slider  with  thumb-screw,  for  obtaining  light  load  ad- 
justment by  moving  K  to  right  or  left,  as  may  be  necessary.  K 
spans  and  connects  parallel  wires  of  liglit  load  adjustment,  BR 
and  RR\ 

MM. — Powerful  permanent  magnets,  acting  on  disk  D,  giving  main 
speed  control  for  meter. 

N. — High  resistance  heavy  wire,  forming  part  of  series  adjustment 
between  armature  and  any  shunt  with  which  meter  may  be  used, 
to  set  drop  through  meter  correct  for  drop  of  the  shimt. 

P. — Spirally  laminated  soft  steel  ring,  moulded  in  mercury  cham- 
ber above  the  armature  space,  to  act  as  a  return  for  magnetic  line? 
of  force   from  and   to   energizing   magnet   below. 

R. — Resistance  card  unit,   in   series  with  potential   circuit   coils;   m 

no  volt  meters  one  card  is  used,  in  220  volt  meters  two  cards,  or  ont 

jd  and  a  thermo-couple.     In  500  volt  meters,  R  is  a  large  amount 
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of    resistance,    contained    in   a   ventilated    iron   box   exterior  to   the 

BR. — Small  brass  wire,  connected  to  ingoing  end  of  potential  cir- 


iiernal  Conne 


jf  Sangamo,  Type  D.  Con 


U-tioui  Metei. 


cult  coils,  and  formini!,  with  RR'  and  the  slider  K,  the  light  load  ad- 
justment device  of  meter. 

RR. — Small    wire    of    high    resistance,    having   opposite    ends    con- 
nected to  ears  EE  by  copper  wires  of  low 
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gizing  the  potential  circuit  coils  SC  passes  from  RR*  through  K  t* 
BR,  and  thence  to  the  coils,  and  if  K  is  near  end  of  RR*  and  BR 
the  least  compensation  is  obtained;  if  near  right  end,  maximum  ligfa: 
load  conmpensation  is  obtained. 

S. — Shaft  or  spindle  of  moving  system.  In  actual  meter,  S  is 
divided,  the  lower  shaft  carrying  armature  A,  and  the  upper  shah 
damping  disk  D. 

SA. — Series  resistance  adjustment,  for  setting  meter  to  correct 
drop  for  shunt,  in  all  capacities  over  lo  amperes. 

SC  and  SC — Potential  coils,  each  wound  with  many  thousand 
turns,  connected  normally  in  series. 

TT. — Binding  posts,  in  connecting  box  at  bottom  of  meter. 

Y. — Laminated  soft  steel  yoke,  carrying  coils  SC  and  SC\  and 
giving  a  powerful  and  concentrated  magnetic  field  on  the  armature. 

W. — Worm  driving  recording  dial  train. 

WW. — Worm  wheel  on  first  shaft  of  recording  dial  train,  drivea 
by  W. 

The  lower  end  of  the  shaft  in  the  mercury  chamber  is  located  by 
a  guide  ring,  which,  until  recently,  has  been  of  steel,  but  at  this  time 
and  in  the  future  will  consist  of  a  ring  jewel. 

The  outer  shaft  carrying  the  aluminum  damping  disk  is  located  on 
and  driven  by  the  armature  shaft  through  an  insulating  coupling 
The  proportioning  of  the  buoyancy  of  the  armature  in  the  mercury 
to  the  weight  of  the  entire  moving  system  is  such  that  a  very  light 
pressure,  about  3  grams,  or  V(j  of  an  ounce,  is  exerted  on  the  upper 
bearing.  The  upper  bearing  is  held  in  such  a  way  as  to  be  closely 
adjusted,  and  to  give  a  slight  end  play,  about  .02  of  an  inch,  to  the 
moving  system. 

In  the  continuous  current  meter,  the  U-shaped  yoke  is  energized  by  a 
pair  of  potential  coils.  Behind  the  potential  coils,  in  220  volt  and 
550  volt  continuous  current  meters  and  in  some  types  of  no  volt  meters. 
is  the  thermo  couple  compensating  device  for  light  load,  this  being  twr- 
strips  of  dissimilar  metal  joined  together  and  surrounded  by  a  heating 
winding  of  resistance  wire,  in  series  with  potential  coils  of  the  meter  in 
all  types  where  the  thermo  couple  is  used.  The  purpose  of  the  thermo 
couple  is  to  pass  a  low  potential  current  through  the  armature  in  order 
to  give  the  slight  initial  torque  necessary  to  overcome  bearing  friciioa 
etc.  The  thermo  couple  is  so  arranged  that  the  current  set  up  in  it  will 
always  pass  from  left  to  right  through  the  armature  chamber,  no  matter 
which  way  the  load  current  passes.  Therefore,  in  Type  D  meters  having 
the  thermo  couple  compensation  it  is  necessary  always  to  connect  a  meter 
with   the    incominir   terminal   positive.      In    most    no   volt   meters    made 
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during  the  last  two  years,  the  thermo  couple  has  been  omitted  so  that 
the  meter  may  be  connected  with  either  the  positive,  or  negative,  incom- 
ing, and  jn  this  case  light  load  compensation  is  obtained  by  the  method 
of  passing  more,  or  less,  of  the  small  current  taken  by  the  potential  coils, 
through  the  disk  of  the  meter,  thus  giving  an  initial  torque  proportional 
to  the  amount  of  such  current  passing. 

In  capacities  above  10  amperes,  Sangamo  continuous  current  meters  are 
operated  with  shunts  of  various  types,  but  in  general  arranged  so  that 
10  amperes  of  current  will  pass  through  the  meter  with  full  load  through 
the  shunt.  In  such  meters  a  proper  ratio  is  used  in  the  recording  train, 
corresponding  to  the  ratio  between  total  current  and  the  amount  shunted 


through  the  meter,  so  that  the  dials  will  read  directly  in  kilowatt -hours. 
On  account  of  the  absence  of  series  windings  in  Sangamo  meters,  the 
drop  between  main  and  binding  posts  at  full  load  on  a  10  ampere  meter 
is  less  than  .03  volt.  The  usual  standard  drop  for  shunted  capacities  is 
75  millivolts  at  full  load  (Figs.  631  and  632). 

The  main  load  adjuBtment  in  the  Type  D  and  other  Sangamo  mercury 
motor  meters  is  obtained  by  shunting  more  or  less  of  the  field  between 
the  upper  poles  of  the  two  damping  magnets,  a  soft  iron  disk  being  pro- 
vided for  this  purpose  so  that  when  screwed  up  and  down  on  its  support- 
ing screw,  an  adjustment  for  main  speed  is  secured. 

Light  load  adjustment  in  the  continuous  current  nieler  has  already 
been  described. 

The  dial  faces  on  all  Sangamo  mercury  watt-hour  meters  have  four 
I  for  meters  of  ordinary  size  the  reading  is  direct ;  (he 
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first  dial  being  lo  kilowaJt-hours  per  revolution  of  Che  dial  hand. 
For  very  large  capacity  meters  the  register  readings  are  increased,  h 
ing  the  words  "multiplied  by  lo"  and  "multiply  by  loo "  below 
words   "kilowatt-hours"    (Fig.  633).     On   the   damping   disk    of  ail 


I  of  SsnEamo.  Conti 


Watt-boui  Mcti 


mercury  meters  is  stamped  the  test  constant  K^,  expressed  in  wait- 
seconds  Kp  instead  of  watl-hours,  per  revolution  of  the  disk.  \ 

Type  D  and  Type  F  regular  service  meters  are  furnished  with  eithtr 
a  pressed  steel  cover  with  glass  front,  as  shown  in  Fig.  634.  or  ivith  1 
full  pressed  glass  cover. 


Fig.  6j4.— SRngjuno,  Type  D,  ConUnuoui  Cum 


The  ( 

(he  meter,  being  provided 
at  the  lower  right  hand  co 
to  the  binding  posts  within. 
volt 


all  Gulmann  and  Sangamo  meters,  is  bclon 
Hth  a  swinging  door  arranged  to  be  sealed 
ner.   This,  when  dropped  down,  give.s   acre-- 

The  standard  connection  box,  except  for  51JO 
ers.   has    four   binding   posts,   but    the    latin 
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has  three,  two  for  load  and  one  for  potential  connection  to  the  external 
resistance  box. 

The  following  is  a  collection  of  data  relative  to  the  performance  of 
Type  D  continuous  current  watt-hour  meter  of  the  present  form : 

Full  load  speed — 5  amp.,  12^/8  rev.  per  min. ;  all  larger,  25  rev.  per  min. 

Torque  at  full  load  of  1,000  watts — 10  amp.,  no  volts,  55  mm-g. 

Weight  of  moving  element — 32  g.  in  air^  or  when  immersed  in  mercury 
in  meter — 3  g. 

Ratio  of  torque  to  weight — 18  approx. 

Volts  drop  in  series  coil  at  full  load — 5  and  10  amp.,  .03  volt.  Shunted 
capacities,  shunt  drop — .075  volt  approx. 

Watts  lost  in  series  coil  at  full  load — 10  atnp.  meter — .3  watt.  (Includ- 
ing shunt)  ;   100  amp.  meter — 7.5  watts. 

Loss  in  potential  circuit — potential  coil  current,  .045  amp.  Loss  in  no 
volt  meter,  5  watts;  220  volts,   10  watts,  etc. 

External  resistance  of  potential  circuit;  no  volt  meters,  450  ohms, 
220  volt  meters,  2,650  ohms,  500  to  600  volt  meters  10,000  to  13,000 
ohms.  * 

Size  wire — No.  36  Ferro  Nickel. 

Potential  field  coils — 2  coils,  each  7,000  turns  No.  36  copper,  in  series. 
Res.  cold  1,800-1,900  ohms. 
Testing  Formula : 

K  =  disk  constant  =  watt-seconds  per  revolution. 

W  =  load  in  watts. 

S  =  correct  time  for  one  revolution  in  seconds. 

K 
Then   S=~  and 
W 

error  =  observed  time   (S*),  less  S. 

S'  — S 
Per  cent  error  = 

If  quantity  minus,  meter  fast. 

If  quantity  plus,  meter  slow. 

The  test  constants,  gear  ratios,  and  so  forth,  for  this  type  of  meter 
are  given  in  Chapter  XV. 

The  size  of  holes  in  binding  posts  for  meters  of  5  amperes  capacity  is 
0.166  inches  and  for  larger  capacities  it  is  0.27. 

Date  of  original  production,  November,  1905 ;  present  form  May,  1908. 

Type  F 

The  mercury  motor  element  of  the  Type  F  meter  is  exactly  the  same. 
as.  described  for  the  Type  D  except  that  the  armature  disk  is  punched 
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out  to  form  a  number  of  narrow  radial  arms,  this  being  done  to  redact 
the  effect  of  the  secondary  currents  induced  in  the  disk  by  the  altematii^ 
series  field. 

In  the  Type  F  meter  there  is  a  small  internal  voltage  transformer,  hav- 
ing its  high-tension  winding  connected  across  the  line  and  with  a  hea\7 
single-turn  low-tension  winding  adapted  to  pass  a  current  of  large  volumt 
and  low  potential  through  the  armature  in  the  mercury  chamber 
(Fig.  635). 

A. — Copper   disk  armature   Submerged   in  mercury. 

AS. — Auxiliary  secondary  winding  on  transformer  N  of  a  few 
turns  giving  current  for  light  load  compensation. 

B. — Bridge  wire  between  'middle  binding  posts. 

D. — Aluminum  damping  or  brake  disk. 

E. — Copper  contact  ears,  leading  current  into  and  out  from  arma- 
ture. 

F. — Hardwood  float  on  armature,  proportioned  to  give  slight  lift 
to  entire  moving  system  when  armature  and  float  are  immersed  is 
mercury.  • 

FC. — Series  coils,  energizing  field  magnet  Y  proportional  to  load, 
wound  with  different  sizes  of  wire,  and  number  of  turns,  accordinf 
to  capacity  of  meter. 

H. — Soft  steel  disk  above  permanent  magnets,  riveted  to  fine  pitch 
screw  working  in  bracket  above,  so  that  adjustment  of  the  disk  up 
or  down  gives  variation  in  damping  effect  of  permanent  magnets, 
and  therefore,  of  main  speed. 

J. — Dividing  point  in  lead  from  AS, — one  wire  going  right -handed! 
around  the  poles  of  yoke  Y  to  give  forward  starting  or  <:ompensatin|r' 
effect,  the  other  wire  going  around  in  reverse  direction,  to  give 
backward  rotative  effect: — the  other  ends  of  these  two  wires  are! 
carried  to  the  ends  of  resistance  wire  RR\  of  light  load  adjustment 

K. — Clamp  slider  with  thumb  screw,  for  obtaining  light  load  ad- 
justment, moving  K  to  right  or  left,  as  may  be  necessary.  K  spans 
and  connects  parallel  wires  of  light  load  adjustment,  BR  and   RR^ 

M.  M. — Powerful  permanent  magnets,  acting  on  disk  D,  giving 
main  speed  control  for  meter. 

MS. — Main  secondary  of  transformer  N,  of  copper  strap,— con 
nected  to  armature  chamber  at  ££  by  heavy  wires,  so  as  to  pas 
large  volume  of  current,  at  low  potential,  through  A. 

N. — Small    transformer    in    meter,    having    its    primary    connected! 
across  the  line,  up  to  250  volts,  and  with   secondary  as  described| 
above. 
-»_.^niral!v   laminated    soft    steel    ring,    moulded    in    mercury    cham- 
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ber  above  the  armature  space,  to  act  as  a  return  for  magnetic  lines 
of  force  from  and  to  energizing  magnet  below. 

PT. — Primary  of  small  transformer  N, — of  3,ooo  to   12,000  turns 
very  fine  wire, — according  to  voltage  and  frequency  of  circuit. 


BR- — Small   brass   wire,   connected   to  one   end   of  auxiliary   : 
jrdary  AS,  so  as  tfl  supply  current  through  K  to  RR'. 
RR'. — Small   wire  of  high   resistance,   having  opposite  ends   c 
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nected  to  the  two  branches  of  auxiliary  secondary,  from  J.  Wher 
K  stands  near  middle  of  BR  and  RR*,  the  resistance  both  way? 
through  R  and  R*  to  J  is  equal,  and  there  is  no  light  load  compen- 
sating effect;  when  K  is  near  left  end,  the  reduction  in  resistance 
through  one  wire  to  J,  and  increase  through  the  other,  gives  a  for- 
ward or  proper  compensating  effect;  if  K  is  near  the  right  end,  a 
backward  rotative  effect  results.  This  arrangement  thus  enables 
absolute  O  of  compensation  to  be  obtained,  thus  preventing  creeping. 

In  the  alternating  current  meter  the  armature  carries  continually 
— while  pressure  is  on  the  circuit,  a  current  in  proportion  to  tht 
voltage,  and  the  U-shaped  laminated  magnet  is  energized  by  series  wind- 
ings. As  the  current  in  the  low-tension  winding  of  the  transformer  and 
through  the  armature  is  proportional  to  the  voltage  and  in  phase  there- 
with, a  reaction  between  the  armature  and  field  is  obtained  proportional 
to  the  true  power,  and  having  the  motion  controlled  by  the  usual  damp- 
ing disk  and  permanent  magnets,  a  true  alternating  current  w^att-hour 
meter  is  obtained. 

In  the  alternating  current  meter,  light  load  adjustment  is  obtained  b> 
passing  around  the  poles  of  the  series  laminated  magnet  a  small  volume 
of  current  derived  from  an  auxiliary  low-tension  winding  on  the  tran? 
former,  and  with  means  provided  for  adjusting,  from  zero  to  a  maximum 
necessary  amount,  the  value  of  this  current. 

The  main  speed  adjustment,  recording  trains,  cover,  connection  box 
and  other  mechanical  features  are  exactly  the  same  in  the  Type  F  a- 
in  the  Type  D  meter. 

Test  constants,  gear  ratios,  and  so  forth,  for  this  type  of  meter  are 
given  in  Chapter  XV. 

Amperk-hour  Meters 

• 

The  ampere-hour  meter  as  now  made  was  really  a  reversion  to  the 
original  type  of  mercury  meter,  although  in  the  course  of  the  Sangamc 
Company's  business,  happened  to  be  a  development  from  the  Type  D 
watt-hour,  meter. 

In  July,  1908,  the  first  ampere-hour  meter  of  this  type  was  made  for 
use  as  an'  indicator  of  the  floating  point  of  a  large  reserve  battery.  Am- 
pere-hour meters  were  put  on  the  market  in  the  beginning  of  1909. 

In  the  ampere-hour  meter  the  same  general  features  have  been  used 
throughout  as  in  the  Type  D  watt-hour  meter  except  that  a  permanent 
driving  magnet  is  substituted  for  the  potential  circuit  energized  magnet 
of  the  Type  D  meter. 

In  the  ampere-hour  meter  the  torque  is  thus  proportional  to  the  constant 
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field  of  the  permanent  magnet  and  the  current  passing  through  the 
armature,  and  having  the  usual  arrangement  of  damping  disk  and  mag- 
nets the  torque  is  proportional  to  current  instead  of  power.  By  a  record- 
ing mechanism,  a  record  is  thus  obtained  of  ampere  hours  instead  of 
watt-hours,  and  the  operation  of  an  ampere-hour  meter  is  exactly  the 
same  no  matter  what  the  voltage  of  the  circuit  may  be. 

On  account  of  the  many  uses  which  have  developed  for  ampere-hour 
meters,  the  Sangamo  meter  has  been  built  with  various  modifications  of 
base,  recording  trains,  and  auxiliary  features.     For  the  purpose  of  this 


Fig.  636. — Sangamo  Ampeie-hour  Meter  with  Simple  Shtiat. 


description  it  may  be  said  that  the  usual  form  of  recording  train  on 
ampere-hour  meters  is  a  large  circular  dial,  having  a  dial  hand  adapted 
to  show  by  its  position  on  the  dial,  the  condition  at  any  time  of  the 
storage  battery  to  which  the  meter  is  connected. 

By  various  combinations  in  the  ampere-hour  meter,  and  particularly  a 
differential  shunt  adapted  to  make  the  meter  run  slower  on  charge  than 
on  discharge,  a  percentage  of  overcharge  can  be  obtained  automatically 
for  a  storage  battery  (Figs.  636  and  637). 

The  meters  arc  used  in  connection  with  batteries  on  electric  vehicles,  on 
electric-lighted  steam  railroad  cars,  in  street  car  service,  with  central 
station  batteries  and  for  control  of  electroplating  operations.  By  an 
arrangement  of  contact  operated  by  the  dial  hand  when   the  battery  i. 
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fully  charged,  the  ampere-hour  meter  can  be  used  as  a  relay  to  cut  o^ 
the  battery  at  full  charge  through  an  auxiliary  shunt  trip  circuit 
breaker  (Fig.  638). 

Another  type  of  recording  train  .  used  on  ampere-hour  meters  is  tlie 
duplex  type,  having  one  row  of  four  dials  for  charge  and  a  second  row 
for  discharge  so  that  the  entire  input  and  output  of  a  battery  may  be 
recorded  on  the  single  duplex  register. 


inniiDiE  DDn&B^^ 


.^ 


Pic.  637. — Sangamo  Axnpeie-hour  Meter  with  Differential  ^uot. 


The  electroplating  ampere-hour  meter  is  employed  to  afford  a  more 
convenient  and  accurate  record  of  the  amount  of  metal  deposited  in  a 
plating  bath  in  a  given  elapsed  time  than  may  be  obtained  by  noting  the 
average  current  flow  during  the  period  by  observing  an  indicating  am- 
meter. This  method  also  may  do  away  with  the  necessity  of  computing 
the  average  current  with  the  electrochemical  equivalent  of  the  metal 
being  deposited,  as  the  ampere-hour  meter  may  be  furnished  for  electro- 
plating with  a  register  which  reads  in  any  desired  unit  weight  of  the 
netal  with  which  the  meter  is  to  be  used :  for  example,  pennyweights  of 
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silver,  grains  of  gold,  or  pounds  of  copper,  according  to  the  conventional 
methods  of  expressing  the  weights  of  the  various  precious  and  base  metals 
in  use  by  electroplaters. 

In  design,  the  electroplating  meter  may  be  similar  to  the  watt-hour 
meter,  but  the  internal  arrangement  differs  from  it,  this  meter  being 
an  ampere-hour  meter  and  not  a  device  for  recording  watt-hours. 
In  actual  construction,  a  large  movable  pointer  operated  by  a  knob 
in  the  middle  of  the  glass  window  over  the  dial  face  is  provided, 
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Pig.  638. — Diagiam  of  Sangamo  Ampere-hour  Meter  with  Differential  Shunt  Connected  on 

Vehicle. 

to  be  set  at  the  point  on  the  dial  indicating  the  amount  of  metal 
which  it  is  desired  to  deposit  in  any  particular  plating  operation — thus  giv- 
ing a  plain  reference  point  for  the  workman  and  facilitating  the  discon- 
tinuance of  the  plating  when  the  ampere-hour  meter  dial  hand  reaches  the 
predetermined  figure  on  the  scale.  The  meter  dial  hand,  on  reaching 
the  hand-set  pointer,  makes  an  electrical  contact  therewith  and  operates 
a  visual,  or  audible,  signal  to  the  workman ;  or  the  contact  may  be 
arranged  to  trip  a  circuit-breaker  to  automatically  interrupt  the  plating 
current  (where  the  leaving  of  the  work  in  the  plating  bath  is  unobjec- 
tionable). The  meter  is  capable  of  application  in  silver  and  nickel  plat- 
ins:  and  of  value  in  the  control  of  gold  plating,  in  which,  on  account  of 
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the  relatively  small  amount  of  gold  ordinarily  deposited,  requiring  tor 
small  a  current  to  be  recorded  with  accuracy,  it  is  advisable  to  emplot 
two  meters  in  series,  a  main  and  an  auxiliary  meter,  the  difference  in  the 
readings  of  the  two  meters  giving  high  accuracy  in  work  with  thi> 
precious  metal.  The  idea  (shown  in  Fig.  639)  is  to  have  an  auxiliar)* 
load  of  sufficient  amount  to  give  accurate  registration  on  both  meters. 
The  main  meter,  connected  with  the  gold  bath|  will  register  an  amount 
greater  than  the  auxiliary  meter  T)y  the  amount  of  current  passing  through 
the  bath. 
The  ampere-hour  meter  has  an  application  to  electric  vehicles,  inas- 
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Pig.  639. — Two  Sangamo  Ampere-horn   Meters  Connected  for  the  Measurement  of  Gold- 
plating  Cunent. 


much  as  it  affords  a  direct,  convenient  and  accurate  method  of  deter- 
mining the  "  miles  in  the  battery,"  without  noting  the  readings  of  the 
dashboard  ammeter  and  voltmeter  in  the  pleasure  vehicle,  or  truck. 
Practical  economy  in  operating  electric  vehicles,  or  electric  boats,  and 
safety  to  the  propelling  battery  alike  make  desirable  a  method  of  deter- 
mining the  condition  of  the  store  of  electrical  energy  carried  by  the 
vehicle,  which  will  be  within  the  intelligence  or  skill  of  the  driver 

The  auto-type  ampere-hour  meter  affords  a  continuous  record  of  the 
actual  ampere-hours  (virtually  the  miles)  available  in  the  vehicle  bat- 
tery during  every  trip,  and  it  does  this  by  integrating  the  energy  discharge 
of  the  battery  and  showing  the  progressive  lowering  of  total  enerirv  in 
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the  battery  by  a  dial  hand  which  sweeps  over  a  dial  calibrated  in  ampere- 
hours.  In  charging  the  battery  in  the  garage  t^e  dial  hand  may  be  moved 
over  the  scale  in  one  direction  regisieriig  the  energy  stored  in  (he  battery 
until  the  full  charge  has  been  put  in.  On  starting  out  on  a  trip,  the  dial 
hand,  therefore,  shows  the  driver  the  total  ampere-hours  available  in  his 
battery;  and  as  the  vehicle  travels  over  its  route  the  dial  hand  moves 
backward  over  the  scale,  showing  a  progressively  diminishing  number  of 
ampere-hours  left  in  the  battery,  until  the  arrival  of  the  ^ial  hand  at 
the  zero  indicates  the  limit  of  discharge  of  the  battery.  Most  electric 
vehicle  manufacturers  prefer  to  use  the  meter  operating  the  dial  hand  in 


Pig.  64D. — SaogBmo  Automobile  Type  Ampae-hour  Metcl. 

the  reverse  direction  from  that  explained  above,  so  that,  as  the  battery  is 
discharged,  the  dial  hand  moves  up  the  scale,  moving  back  to  the  zero  on 
charge.  This  arrangement  allows  the  use  of  a  contact  nt  the  zero  point 
which  may  be  employed  10  trip  a  circuit-breaker  when  the  battery  is 
fully  charged  (Fig.  640). 

This  ampere-hour  meter  is  sometimes  used  on  electric  railway  aya- 
tenu,  to  check  and  record  the  actual  amount  of  current  consumed  by  each 
car.  and  supplies  a  record  of  comparative  current  consumption,  enabling 
electric  railway  managers  to  offer  a  strong  incentive  for  the  motorman 
to  handle  his  car  to  the  best  advantage  and  with  economy  of  current 
(Fig.  641). 

The  latest  development  in  the  ampere-hour  meter  is  the  diatant  oper- 


934 


ELECTRICAL  METERMAN'S  HANDBOOK 


stcd  tTpe  in  which  the  meter  proper  has  a  special  recording;  train  adapted 
to  close  a  circuit  at  definite  ampere-hour  intervals  and  by  this  acticm  i 
electrically  operated  mechanism  is  caused  to  move  step  by  step.  Witt 
this  arrangement  the  register  mechanism  can  be  placed  at  any  rennic 
point  desired  from  the  meter  (Fig.  642).  By  an  arrangement  of  elec- 
tromagnets in  the  register  mechanism  the  motion  of  the  dial  hand  o 
the  dial  is  made  at  different  speeds  on  charge  and  discharge,  where 


Pio.  641.— EntnriBl  View  ot  S*nganio,  Stteet-c«  Type. 

it  is  desired  to  obtain  the  automatic  overcharge  as  above  referred 
to  (Fig.  643)- 

Further  discussion  of  measurement  of  electrical  energy  by  means 
of  ampere-hour  meters  will  be  found  in  Chapter  IV,  and  a  discos- 
sion  of  some  other  types  in  Chapter  III. 

The  test  constants  and  various  ratios  are  discussed  in  Chapter  XV'. 

Samgamo  Induction  Type  Watt-hour  Meters 


The  early  Sangamo  watt -hour  meters  were  designed  on  the  tisual 
nduction  motor  principles  explained  in  Chapter  III,  und  ctMisisted, 
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tlierefore,  of  an  induction  motor  element,  operated  by  a  rotating 
magnetic  field  interacting  with  induced  currents  tn  a  closed  circuited 
rotor;  a  generator  element  to  provide  load  and  braking  affect  for  the 
motor  element,  and  a  revolution  recording  mechanism.  These  were 
combined,  in  general,  in  a  manner  to  produce  a  commercial  electricity 


Pic.  641. — Remote  Control  Type  of  Ampeie-houi  Meter  Regiiter. 

meter  of  what  is  known  as  the  induction  motor  type.     The  earlier 
types  were  known  as  the  Gutmann  meters. 

Description  of  Vamious  Types 

<jHtm<i>in  Meters  (.Type  A} 

The  original  Gutmann  induction  watt-hour  meter  was  developed 

in  1898  and  put  on  the  market  in  the  spring  of  iRqq.     In  this  meter 


FiC.  643.— BitenulIVieir  of  Suiguno.  of  Stritdiboard  Type,  Ampeie-hour  Meter. 

the  rotor  was  an  aluminum  cylinder,  slotted  in  spiral  lines,  and  with 
damping  disk  riveted  on  the  lower  end  of  the  cylinder.  The  cylinder 
was  acted  upon  by  a  U  shaped  potential  circuit  magnet  and  a  pair  of 
open  series  coils  without  iron  cores,  held  on  a  supporting  bracket  by 
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porcelain  spools.  Heavy  load  adjustment  in  this  meter  was  obtained 
by  moving  the  permanent  magnet  in  and  out  on  the  damping  diskanu 
light  load  adjustment  by  moving  a  crescent  shaped  laminated  iror 
core  within  the  cylinder,  this  being  a  continuation  of  the  potential 
circuit  magnet  outside  the  cylinder.  The  Type  A  Gutmann  watt-honr 
meter  was  not  provided  with  any  compensation  for  inductive  load; 
that  is,  the  potential  circuit  magnet  was  not  lagged.  As  this  meter 
was  only  made  for  a  short  time,  and  was  superseded  by  the  Type  B. 
or  disk  type,  no  attempt  has  been  made  to  give  a  description  in  detiil 
of  its  construction  or  to  give  data  on  it. 

Type  B 

The  disk  type  of  Gutmann  meter  was  a  development  froni  the  ear- 
lier cylinder  type.  In  the  Type  B  the  rotor  consisted  of  an  aluminum 
disk  with  spiral  slots  arranged  so  as  to  give  a  torque  effect  between 
the  potential  circuit  and  series  fields,  which  were  placed  with  their 
effective  centers  in  a  radial  line  so  that  no  torque  was  exerted  on 
an  ordinary  blank,  or  unslotted,  disk.  The  potential  circuit  magnet 
consisted  of  two  sets  of  laminations  bolted  together  so  as  to  form  a 
single  air  gap,  the  magnet  being  energized  by  a  coil  on  the  rear  arni 
of  the  upper,  or  main  portion.  The  series  coils  were  carried  on  an 
aluminum  bracket  between  the  gap  of  the  potential  circuit  magnet 
and  the  center  of  the  disk;  one  coil  above,  and  one  below  the  disk, 
each  coil  having  within  it  a  small  bundle  of  laminated  iron,  not  hav> 
ing,  however,  any  complete  or  return  magnetic  circuit  for  the  lines 
of  force  between  the  two  coils. 

The  damping  magnet  was  placed  on  the  opposite  side  of  the  center 
from  the  driving  element  and  adjustment  for  main  speed  was  ob- 
tained by  swinging  the  damping  magnet  in  or  out  from  the  center 
of  the  disk  toward  the  edge,  in  the  usual  manner.  Light  load  adjust- 
ment wasjobtained  by  means  of  a  soft  iron  vane  attached  to  the  inner 
side  of  the  potential  circuit  magnet,  and  with  a  foot  at  the  lower  end 
adapted  to  act  upon  the  disk  in  conjunction  with  the  main  potential 
circuit  field.  The  iron  strip  was  surrounded  by  a  short-circuited  con- 
ductor so  as  to  have  a  considerable  difference  in  phase  in  the  flux 
from  the  foot  of  the  vane  and  the  main  potential  circuit  field.  By 
raising  and  lowering  this  vane,  or  by  swinging  it  backward  and  for- 
ward,  a  light   load   adjustment   was  obtained. 

Compensation  for  inductive  load  was  obtained  by  a  heavy  band  of 
copper  placed  around  the  lower  arm  of  the  potential  circuit  magnet, 
the  band  being  left  open  on  the  lower  side  and  arranged  with  a  cop- 
per, or  iron,  loop  which  could  be  moved  in  and  out  of  blocks  on  the 
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band  to  vary  the  resistance  of  the  short-circuited  secondary  composed 
of  the  band  and  loop.  By  moving  this  loop  an  adjustment  was  ob- 
tained for  low  power-factors. 

The  recording  train  of  this  watt-hour  meter  was  of  the  five  dial 
type,  reading  in  watt-hours,  and  was  driven  from  the  shaft  of  the 
tneter  through  a  worm  and  worm  wheel. 

The  bearing  was  a  cup  sapphire  jewel  held  in  a  setting  above  a 
light  spring,  and  the  lower  pivot  was  polished  directly  on  the  disk 
shaft  so  that  it  was  necessary  to  either  repolish,  or  replace,  a  shaft  in 
case  of  a  pivot  proving  defective. 

This  type  of  watt-hour  meter  was  made  with  both  cast  aluminum 
and  glass  cases,  and  was  manufactured  in  considerable  quantities 
until  November,  1903.  The  manufacture  of  the  Gutmann  watt-hour 
meter  was  discontinued  at  that  time  in  the  United  States,  owing  to 
patent  litigation,  but  was  continued  about  three  years  longer  in 
Canada. 

Data  on  the  Type  B  Gutmann  meter  is  given  on  tables  herewith: 

Full  load  speed — 50  rev.  per  min. 

Torque  at  full  load  of  500  watts  (5  amp.  no  v.) — 16  mm-g. 

Weight  of  moving  element — 25  g. 

Ratio  of  torque  to  weight — 0.64. 

Volts  drop  in  series  coil  at  full  load  (5  amp.) — 0.40  and  less  in  larger 
capacities. 

Watts  lost  in  series  coil  at  full  load — i.o  approx. 

Loss  in  potential  circuit — no  volts,  60  cycles,   1.5  watts. 

Power-factor  of  potential  circuit — at  60  cycles  about  0.40. 

Date  of  original  production — October,  1901. 

Testing  formulas: 

VV  =  Watts  load 

R  =  Disk  revolutions 

S    =Tinie  in  seconds,  for  one  revolution 

T   =  Train  ratio 

3.600 
K  =  Watt-seconds  per  revolution  of  disk  for  meter  under  test=— tt; — 

_KR 

Since,  ^=-777,  or 

W 

WS 

R^ ,  and 

K 


r 
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S*  =  observed  time  for  iV    revolution 

S* S 

Then         E= g — 

Test  constants,  gear  ratios,  and  so  forth,  for  this  type  of  meter 
are    given    in    Chapter    XV. 

The  size  of  holes  in  binding  posts  for  this  type  of  meter  of  capaci- 
ties of  5,  10  and  15  amperes,  is  -it  inches;  25,  50,  75  and  100  am- 
peres is  V^  inches,  and  for  larger  capacities  cable  lugs  are  used. 

This  type  of  meter  was  put  on  the  market  in  the  fall  of  1901. 

Type  H 

» 

The  Type  H  single-phase  induction  watt-hour  meter  consists  essen- 
tially, like  all  other  induction  meters,  of  a  light  aluminum  disk  arma- 
ture subjected  to  the  action  of  potential  circuit  and  series  fields,  the 
speed  being  controlled  by  permanent  damping  magnets  in  the  usual 
manner  and  transmitting  the  motion  to  a  four  dial  recording  train 
through  a  worm  and  wheel  drive  direct  from  the  shaft.  The  field 
arrangement  of  this  meter  differs  somewhat  from  former  induction 
meters,  but  resembles  in  some  respects  the  arrangement  of  the  Gut- 
mann  induction  meter  built  by  this  Company  some  nine  or  ten  years 
ago.  That  is  to  say,  the  Type  H  embodies  essentially  a  potential 
circuit  magnet  entirely  independent  of  the  series  magnetic  structure, 
which  was  also  characteristic  of  the  Gutmann  meters,  but  in  other  re- 
spects, such  as  the  construction  of  the  moving  system,  torque,  etc.,  is 
very  different  from  the  Gutmann  meter. 

On  account  of  the  field  arrangement,  all  parts  except  the  potential 
circuit  magnet  are  carried  on  a  cast  iron  grid.  This  is  shown  in  Fig. 
644.  The  laminated  crescent  shaped  plate  forming  the  return  path 
for  the  series  magnetic  field  is  held  above  the  armature  and  docs  not 
have  to  be  removed  in  repairing  a  meter. 

The  moving  element  consists  of  an  aluminum  disk  ^Vn  inches  in 
diameter  with  a  weight  of  15.4  grams,  although  the  first  meters  of 
this  type  had  a  disk  weighing  about  18.6  grams.  The  disk  is  car- 
ried on  a  brass  shaft  with  removable  double  ended  lower  pivot  and 
a  worm  is  cut  on  the  upper  end  of  the  shaft  above  the  disk — driving 
directly  through  a  worm  wheel  and  shaft  to  the  recording  train.  The 
upper  bearing  is  designed  so  as  to  give  a  slight  flexibility  to  the  shaft 
to  prevent  rattling. 

The   lower  bearing  as   first   supplied   with   these  watt-hour   meters 

nsisted  of  a  ring  jewel  and  flat  jewel,  but  it  was  found  that  this  type 
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of  bearing  had  a  tendency  Id 
qiicncy   meters,   so   that   there 


rattling,  particularly  in  low  fre- 
w   furnished  a  cupped   sapphire 


Pic.  644.— SiinB«nio,  Type  H.  Singte-phaM.  Induction  Watt-hour  Meter. 

'  jewel  bearing  mounted  fixed  in  the  lower  bearing  post  and 
a  sleeve  above  it  which  prevents  the  shaft  dropping  out  of  posi- 


1  during  shipment,  or  when  the  met' 

lower  bearing  are  made  with  bearing  screws  cxaci 

c  so  that  either  one  may  be  substituted  for  the  oth 


died.     The  two  types 
.  exactly  interchange- 
tFig.  645). 
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The  meter  has  two  adjustments  as  shown  in  Fig.  644,  the  mats 
speed,  or  full  load,  adjustment  being  obtained  by  a  soft  iron  disk- 
mounted  on  a  vertical  screw  so  that  it  can  be  moved  relatively  to  the 
lower  jaws  of  the  two  permanent  magnets.  This  is  the  same  arrange- 
ment which  has  been  used  for  a  number  of  years  in  Sangamo  mercur) 
motor  meters.  A  range  of  about  25%  in  speed  is  obtained  by  this 
adjustment. 

The  light  load  adjustment  consists  of  a  copper  vane  carried  on  a 
brass  lever  which  projects  down  in  front,  on  each  side,  of  the  portion 
of  the  grid  carrying  the  lower  bearing  and  full  load  adjustment.  The 
vane  stands  in  the  gap  of  the  potential  circuit  magnet  beneath  the 
disk,  and  by  moving  the  lever  at  the  front  a  slight  distortion  of  the 
potential  circuit  field  is  caused,  thus  giving  an  adjustment  on  light 
load  either  backward  or  forward. 

Creeping  is  prevented  by  two  small  holes  pimched  in  the  aluminum 
disk  on  the  same  principle  as  the  slots  used  in  the  disk  of  the  Type 
B  Gutmann  meter.  No  adjustment  is  provided  for  inductive  load 
compensation  as  a  winding  on  the  tip  of  the  potential  circuit  magnet 
just  below  the  potential  coil  is  provided  and  adjusted  at  the  factory 
to  give  approximately  correct  compensation  at  50%  power-factor.  It 
desired  to  have  very  close  compensation  at  low  power-factor,  the 
terminals  of  this  winding  can  be  disconnected  and  a  small  amount  of 
resistance  inserted  so  as  to  bring  the  potential  circuit  field  in  exact 
quadrature  with  the  impressed  e.  m.  f. 

The  Type  H  watt-hour  meter  is  so  designed  as  to  be  shielded  from 
severe  short  circuits  or  external  magnetic  fields,  and  the  series  coils 
are  designed  to  have  a  continuous  overload  capacity  of  100%. 

The  torque  in  the  first  Type  H  watt-hour  meters,  having  a  heavier 
moving  system,  was  50  millimeter-grams  at  no  volts,  60  cycle.  In 
the  meter  as  now  furnished  the  torque  is  slightly  over  40  millimeter- 
grams  giving  a  ratio  of  torque  to  weight  of  about  2.8. 

The  meter  is  supplied  in  all  capacities  from  5  to  100  amperes  inclu- 
sive, 2-wire  and  3-wire,  without  current  transformers,  and  from  150 
amperes  upward  with  current  transformers  in  the  usual  way. 

The  meter  has  a  four  dial  porcelain  dial  face,  reading  direct  in 
kilowatt-hours  for  all  capacities  and  is  furnished  either  with  pressed 
glass,  or  pressed  aluminum,  case;  black  finish  (Fig.  646). 

The  connection  box  is  similar  to  that  used  on  former  Sangamo 
watt-hour  meters,  being  below  the  meter  and  the  cover  arranged  to 
swing  down  at  one  corner  so  that  it  may  be  sealed  at  the  other  cor- 
ner when  closed. 

The  Type  H  watt-hour  meter  is  5%  inches  in  diameter,  over  the 
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base,  and  7%  inches  long  from  top  of  hanging  lug  to  boilom  of  c 
nccting   box. 

Size  of  holes   in  binding  posts  for  this  type  of  meter   is,  for  5 
20  amperes  capacity  inclusive  and  all  sizes  v 
0.166  inches;  for  30  lo   100  amperes  capacity  incli 


r  Med 


D[iil  Face.  Canadian  Pati 


The  following  is  data  on  perf 
Full  load  speed — 40  rev-  per 
Torque   at    full   load   of  550 


that  Teat 

of  Type  H  watt-hour 
(5  ampere,    no  volt   n 


:r)- 


40  mm-g. 

Weight  of  moving  element — 15.6  g. 
Ratio  of  torque  to  weight — 2.5  approximately. 
Volts  drop  in  series  coils  at  full  load — Less  than  ,',;  volt. 
Walls  lost  in  series  coil  at  full  load — Less  than  'A  watt.  5  ampere- 
Loss  in  potential  circuit — 1.6  watts  tor  i  [o  volts,  60  cycles,  and  1.85 
walls  for  220  volts,  Oo  cycles  2'/=   watts  at  110  volls.  25  cycles. 
Power-factor   potential   circuit — approximately   .35. 
Testing  formulas — Kuwait — seconds  per  revolution  of  disk. 

VV  =  load  in  watts. 

S  ^correct  time  for  one  revolutions  in  seconds. 


Thct 


K 


so  forth,  for  this  type  of  r 
I   March,   ion. 
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Fig.  647  shows  the  Sangamo  rotating  standard  and  connection* 
for  use. 

Conditions  Causing  Meters  To  Run  Fast  or  Slow 

GuimcnA  Mctef^  Type  B 

The  principal  cause  of  running  fast  in  these  watt-hour  meters  was 
weakening  of  the  permanent  magnets. 

The  principal  cause  of  running  slow  in  Type  B  watt-hour  meters 
was  jewel  and  recording  train  trouble.  Jewel  trouble  from  wear  in 
the  ordinary  way,  and  recording  train  trouble  principally  through 
gumming  up,  as  oil  was  used  on  the  bearings  in  these  trains,  a  prac- 
tice which  was  afterwards  abandoned. 

Type  D 

The  Type  D  watt-hour  meter  has  occasionally  run  fast  on  light 
load,  or  has  crept,  due  to  grounding  out  of  some  of  the  resistance  in 
the  circuit  of  the  thermo  couple  to  the  armature,  in  types  where  the 
thermo  couple  is  used.  The  principal  troubles  in  Type  D  watt-hour 
meters  have  been  running  slow  both  on  light  load  and  heavy  load. 
Running  slow  on  heavy  load  has  in  some  cases  been  due  to  the  partial 
grounding  out  of  turns  in  the  potential  coils,  thus  reducing  the  poten- 
tial circuit  field  strength;  and  in  the  case  of  shunted  meters,  from  an 
increase  in  the  resistance  of  the  by  pass  circuit  through  the  meter,  as 
compared  with  the  shunt. 

On  light  load  the  principal  troubles  have  been  either  in  the  middle 
ring  jewel  bearing,  or  in  the  lower  bearing.  There  has  been  very 
little  actual  jewel  trouble  in  the  sense  of  jewel  wear,  owing  to  the 
flotation  of  the  moving  system  in  these  meters,  but  considerable 
trouble  was  experienced  through  collection  of  dross  around  the  ring 
jewel  in  the  cover  of  the  mercury  chamber,  thus  collecting  between 
the  jewel  and  spindle  and  causing  a  considerable  drag  on  light  load. 
This  trouble  has  been  largely  eliminated  in  present  meters  by  the 
use  of  a  steel  tube  which  extends  around  the  spindle  into  the  mer- 
cury. Some  trouble  has  been  experienced  with  the  lower,  or  guide 
ring,  bearing  in  the  bottom  of  the  mercury  chamber  due  to  rusting, 
or  gumming  up,  and  in  the  meter  as  now  made,  this  has  been  largely 
overcome  by  the  substitution  of  a  ring  jewel,  like  that  used  in  the 
cover  of  the  mercury  chamber. 

Some  trouble  has  also  l)ccn  found  in  the  earlier  meters  through 
change  in  alignment  of  the  motor  element  with  respect  to  the  upper 
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bearing  for  the  shaft  of  the  damping  disk — and  this  has  been  recti- 
fied in  later  meters  by  rigidly  doweling  and  fastening  all  such  part? 
In  some  cases  continuous  current  meters  have  run  slow  on  lif^ht 
load  due  to  a  breaking  of  the  thermo  couple  compensating^  circuit; 
that  is,  the  element  of  the  thermo  couple  supplying  current  at  low 
potential  to  the  armature,  and  in  such  cases  it  is  necessary  to  remove 
the  thermo  couple  and  substitute  a  new  one. 

Type  F 

As  the  Type  F  watt-hour  meter  is  practically  the  same  in  construc- 
tion as  the  Type  D,  the  same  troubles  as  stated  have  been  found  in 
it,  and  also  some  trouble  due  to  change  in  resistance  of  contact 
between  the  terminal  ears  of  the  mercury  chamber  and  low-tension 
leads  from  the  internal  transformer.  This  trouble  has  been  corrected 
by  nickel  plating  the  low-tension  leads  as  well  as  the  contact  cars. 


Ampere- Hour  Meters 

Ampere-hour  meters  are  subject  to  the  same  general  statements  as 
given  under  Type  D,  and  Type  F  except  that  in  the  ampere-hour 
meter  there  are  no  windings  of  any  kind  to  change  characteristics 
and  thus   change  the  speed   of  the   meter. 

On  the  other  hand,  in  the  ampere-hour  meter  the  large  permanent 
driving  magnet  is  subject  to  a  possible  decrease  in  strength  through 
age,  or  vibration,  in  service,  and  if  this  happens  a  meter  will  have  a 
tendency  to  run  slow. 

In  the  ampere-hour  meter  the  tendency  to  run  slow  on  light  load 
is  always  more  pronounced  owing  to  the  fact  that  there  is  no  initial 
light  load  compensation. 

Type  H 

Causes  which  would  make  a  Type  H  watt-hour  meter  run  fast  on 
full  load  are  the  weakening  of  the  permanent  magnet  or  cutting  out 
of  some  of  the  turns  in  the  potential  coil.  As  the  potential  coil  is 
made  on  the  Acme  system,  it  is  thoroughly  insulated  between  every 
turn  and  every  layer. 

On  light  load,  creeping  may  occur,  due  to  over-compensation  ini- 
tially, or  to  a  change  in  the  position  of  the  light  load  adjustin^r  vane 
through  vibration  and  on  account  of  not  being  set  down  tight  when 
adjusted. 
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Type,H  watt-hour  meters  could  also  run  slow  on  light  load  due  to 
change  in  the  position  of  the  light  load  adjustment  in  the  same  way 
as  stated  above  for  a  possible  tendency  to  run  fast. 

External  connections  for  these  types  of  meters  are  given  in  Fig. 
648  and  external  dimensions  in  Fig.  649. 
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External  Connection  Diagrams 


2-wire,  s-io  Amperes, 


3-wiie,  s-io  Amperes. 


THAV>  L>9^  H  ""ROM  Lift  TO  LOAD 

2- wire,  exceeding  loo  Amperes.  3-wire,  exceeding  lOO  Amperes. 

Fig.  648. — External  Connections  for  Sangamo,  Type  H,  Induction  Watt-hour  Meters. 


External  Dimension  Diagrams 
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2  and  3-wire,  5-20  Amperes  Self-contained; 
also  exceeding  100  Amperes  when  Us- 
ing Currrent  Transformers. 


2-  and  3-wire,  30-100  Amfieres  Self> 
contained. 


Fig.  649. — External  Dimensions  of  Sangamo,'  Type  H,  Induction  Watt-hour  Meter, 
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DUNCAN   CONTINUOUS   CURRENT   WATT-HOUR   METERS 

The  Duncan  continuous  current  energy,  motor  meters  depend  upon 
the  principle  of  the  well-known  electrodynamometer  for  their  opera- 
tion, in  which  the  electromagnetic  action  between  the  currents  in  the 
field  coils  and  a  revolutable  armature  produces  motion  in  the  latter. 
It  also  embodies  the  other  two  necessary  watt-hour  meter  elements 
required  for  the  speed  control  and  registration  of  the  revolutions  of 
the  armature,  these  being  embodied  in  the  drag  magnet  and  disk  and 
the  meter  register,  respectively.  The  motion  of  the  armature  is  con- 
verted into  continuous  rotation  by  the  aid  of  a  commutator  and 
brushes — the  commutator  being  connected  to  the  armature  coils  and 
carried  on  the  same  spindle  therewith.  In  general,  the  description 
of  commutator  type  of  meters  given  in  Chapter  III  will  apply  to 
these  meters  (Fig.  650). 

Description  of  Various  Models 

Model  A 

The  Duncan  Model  A  watt-hour  meter  (Fig.  651)  is  a  general 
name  employed  to  designate  the  house  type  watt-hour  meters  manu- 
factured by  this  company  previous  to  the  summer  of  1908.  The 
serial  numbers  on  these  watt-hour  meters  are  less  than  76,000  and 
they  are  distinguished  from  later  types  by  the  fact  that  their  regis- 
ters have  five  dials. 

This  meter  has  two  field  coils  situated  on  opposite  sides  of  an  arma- 
ture, the  latter  being  carried  by  a  shaft  which  also  carries  an  alumi- 
num braking  disk  and  a  commutator.  The  majority  of  these  watt- 
hour  meters  have  light  load  compensating  coils  of  1,000  turns  each, 
wound  in  ten  sections  with  taps  brought  out  to  a  multipoint  switch 
so  arranged  that  the  number  of  turns  in  the  potential  circuit  can  be 
increased  or  decreased  by  shifting  the  switch  arm,  thus  varying  the 
starting  torque  for  light  load  compensation. 

The  armature  consists  of  eight  coils,  each  coil  having  1,000  turns 
of  No.  40  B.  &  S.  gauge  single  silk  covered  wire.  The  commutators 
have  eight  segments  each. 

The  base  of  this  meter  is  an  aluminum  casting.  The  arch  and  shelf 
are  brass  castings.  The  cover  is  made  of  sheet  zinc  and  provided 
with  a  window  over  the  dial  face  only. 

This  type  of  watt-hour  meter  is  equipped  with  a  threadless  jewel 
posta  held  in  place  by  ^  wir^   retaining  spring,  which  engages  the 
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l>ottom  or  side  of  the  post,  according  to  whether  the  jewel  is  in  place 
or  is  lowered  for  transportation. 

A  cupped,  step,  or  jewel  bearing,  made  from  Australian  sapphire,  is 
used,  except  in  the  larger  sizes  of  watt-hour  meters,  that  is,  above  600 
amperes  in  honse  type,  and  over  1,000  amperes  in  switchboard  type, 
■where  a  cupped,  diamond  jewel  is  used. 

The  spindle  point,  or  that  portion  of  the  shaft  which  rests  upon 
the  sapphire  cup,  is  detachable  and  is  held  in  position  at  the  bottom 
of  the  spindle  by  magnetism.    A  type  of  step  bearing  is  used  in  these 


Pic.  651.— Duncan.  Mndcl  A,  Continuous  Current  Walt-hour  MeUsr. 

meters  which  permits  of  a  visual  inspection  of  the  jewel  and  pivot 
while  the  meter  is  in  operation  (Figs.  652  and  653). 

This  model  was  produced  in   iQOi  and  the  serial  numbers  ran  to 

Modrl  E 

The  Duncan  Model  E  watt-hour  meter  (Fig.  654)  is  a  devel- 
upmcnt  of  Model  A,  reiaininn  practically  the  same  electrical  char- 
acteristics but  differing  considerably  from  the  old  type  in  me- 
chanical construction.  In  this  meter  all  metal  parts  including  base, 
arch,  shelf  and  cover,  are  formed  up  from  heavy  sheet  metal,  on 
punch  presses  by  means  of  dies.  This  watt-hour  is  further  improved 
by  the  use  of  tubular  spindle,   wire  brushes  and   A    inch   dia 


The  armature  winding  is  the  same  as  in  Model  A,  but  the  liyht 
load  compcnsiiling  coil   ha^  but   400  turns,   divided   up   into  ten   sections. 
of  lighter  moving  element  and  reduced  friction,  ii  has 
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been  possible  to  reduce  the  starting  torque,  or  light  load  compenu 
tion.  60%  below  that   in  the  Model   A. 

The  cover  is  made  out  of  sheet  metal  with  glass  windows  over  th 
dial  face  and  over  the  disk.  A  special  type  is  furnished  at  an  add 
tional  cost  having  an  all  glass  front. 


'se  meters  are  made  in  sizes  from  2'A  to  600  amperes  inclusive 
o,  220  or  S50  volts.  2-wire  and  220  or  550  volts,  3-wire. 
s  model  was  produced  hetween  June.   [908.  and  March,  1912.  and 
les  serial  numbers  from  76,000  10  150.000;  from  March.  1912,  to 
It  date  this  model   has  been  manufactured   in   serial   numbers 

150.000. 
del  E  meters  having  serial  numbers  larger  than   150,000  are  the 
in  electrical  and  mechanical  design  as  those  having  serial  num- 


DESCRIPTIVE   DATA    ON    WATT-HOUR  METERS 


an.  Model  E.  Con 


hers  from  76,000  to  150.000.  excepting  the  former  are  provided  with 
a  new  system  of  registering  trains  and  a  new  type  of  plain  dials  bear- 
ing the  words  "  kilowatt -hours  "  only. 


The    Duncan     Model     EA     watt-hour    meter     (Fig.     655)     is     similar 
n    construction   to  the    Model    E   in   all    details   excepting   that   the 
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i  and  field  coils  arc  arranged  aslatkaily.  This  combinatinr 
is  secured  by  connecting  the  coils  so  as  to  give  a  four  pole  field  a.Dd 
by  using  a   wave  wound  armature   having    17   coils. 

In  all  particulars  excepting  the  armature  and  Rctd  constnictioc. 
this  meter  corresponds  and  is  similar  to  the  Model  E. 

The  test  constants,  ratios  and  testing  formulas  for  this  type  or 
meter   are   given    in    Chapter    XV. 

This  model  was  produced  in  January,  igiz. 

Model  R 

The  Duncan  Model  R  switchboard  watt-hour  meter  (Fiy.  6561 
is  a  shunted  type  of  watt-hour  meter  very  similar  in  principles  ot 
operation  to  the  Model  E,  house  type  meter.     The  meter  has  four 
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and  is  so  connected  as  to  develop  a  four  pole  astatic  field.  This  com- 
bination of  field  coils  and  armatures  gives  an  astatic  combination. 

This  type  is  furnished  with  an  all  glass  cover  and  the  interior  parts 
are  polished,  enameled,  plated  or  otherwise  finished  to  order  for 
switchboard  mounting. 

Each  meter  is  furnished  with  five  foot  leads  but  may  be  provided 
with  longer  leads  if  desired. 

The  meter  is  provided  with  a  gold  commutator  cupped  diamond, 
jewel  bearing,  multipoint  compensating  switch  for  light  load  adjust- 
ment and  cast  aluminum  back  support. 

A  diagram  of  connections  is  shown  in  Fig.  661. 

The  test  constants,  ratios  and  testing  formulas  are  given  in  Chap- 
ter XV  and  are  the  same  as  those  used  with  the  Duncan  Model  E 
watt-hour  meters. 

These  meters  are  made  in  sizes  from  100  amperes  to  20,000  am- 
peres, although  larger  sizes  can  be  furnished  if  desired. 

This  model  was  produced  in  September,   I911. 


Model  ER 

The  Duncan  Model  ER  watt-hour  meter  consists  of  Model  R  mechan- 
ism assembled  on  the  Model  E  base  and  is  built  with  front  connections. 
This  meter  is  very  similar  to  the  Model  FR,  excepting  the  Model 
ER   is  front   connected   while   the   Model   FR   is  back  connected. 

This  type  is  built  in  sizes  from  800  to  5,000  amperes  inclusive. 

Test  constants  for  this  type  are  the  same  as  for  Model  R. 

This  type  was  produced  in  January,  1912. 

Model  C 

This  watt-hour  meter  (Fig.  657)  is  a  series  type  of  switchboard 
meter  and  is  built  in  all  sizes  from  100  to  6,000  amperes,  two-wire, 
no,  220  or  550  volts,  and  100  to  3,000  amperes,  three-wire,  220  or 
550  volts.  In  sizes  from  100  to  600  amperes  inclusive  the  coils  are 
wound  of  strip  copper.  In  sizes  from  800  amperes  up  the  coils  are 
made  up  of  copper  castings.  The  series  fields  in  all  types  are  ar- 
ranged to  give  four  poles  and  a  wave  wound  four  pole  armature  is 
used  so  as  to  render  the  meter  astatic.  The  armature  consists  of  17 
coils  and  is  connected  to  a  17  segment  commutator.  This  meter  is 
given  special  finishes  so  as  to  adapt  it  for  use  on  switchboards.  It 
has  an  all  glass  cover. 
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The  test  constants  for  these  meters  are  the  same  as  tl 
for  Model  E  meters. 

The  series  coil  data  for  loo  to  600  ampere  sizes  inclu! 
same  as  for  Model  E. 

This  model  was  produced  in  May,   1909. 

Model  F 


Fig.  6st.— Eitemal  Views  of  Diuicnn,  Model  C,  Swilchboafd.  Continuooi  Coircni  W»li- 
houi  Meter. 

struction  of  the  mechanism  but  differs  from  the  Model  C  in  having 
a  sheet  metal  cover  with  a  glass  front.  This  lype  is  made  in  sizes 
from  25  to  600  amperes,  no.  220  or  550  volls,  two-wire  and  15  to 
600  amperes  inclusive.  220  or  550  volts,  three-wire. 

Test  constants,  series  coil  data.  etc..  are  the  same  as  for  Model  C 

This  model  was  produced  in  June.  1009. 

Model  FR 

Tile  Duncan  Model  FR  watt-hour  meler  consists  of  ihe  Mode!  R  mech- 
anism assembled  on  a  Model  F  base  wilh  a  sheel  metal  cover  having 
un  all  glass  panel  front.     This  meter  is  built  in  sizes  from  80a  to  2D/VO 
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amperes  and  replaces  the  series  type  Model  F  switchboard  meter  in 
the  larger  sizes,  since  the  Model  F  is  built  in  sizes  up  to  600  amperes 
only. 

The  connections,  dimensions  of  shunts  and  test  constants  are  the 
same  as  for  the  Model  R. 

This  model  was  produced  in   February,   1912. 

Model  G 

The  Duncan  Mod^l  G  watt-hour  meter  is  a  mercury  type  meter 
and  is  built  specially  for  street  car,  or  vehicle,  work.  The  main  field 
is  set  up  through  an  iron  core  containing  air  gaps  in  which  is 
located  the  armature,  the  core  being  energized  by  current  taken 
from  across  the  line  so  that  the  value  of  this  field  is  a  measure  of 
the  voltage  of  the  line.  The  armature  consists  of  a  partially  amal- 
S:amated  copper  disk  immersed  in  mercury  contained  in  a  chamber 
made  of  molded  insulating  materials.  The  series  current  is  led  into 
the  mercury  chamber  through  copper  conductors  terminating  inside 
the  mercury  chamber  at  one  end  and  in  an  outside  connection  at  the 
other.  The  load  current  passes  into  the  mercury  receptacle  on  the 
right  hand  side  through  the  mercury  into  the  armature  disk,  thence 
across  the  armature  disk  to  the  opposite  side  and  out  to  the  load 
circuit.  The  value  of  the  armature  field  is  thus  proportionate  to  the 
load  current  thereby  making  the  apparatus  a  watt-hour  meter. 

The  series  current  is  passed  around  several  turns  of  heavy  con- 
ductor wound  on  the  outside  of  the  potential  circuit  coils,  thus  giving 
a  series  motor  effect  and  giving  a  straight  line  calibration  curve  for 
all  loads  within  the  meter's  range.  The  molded  insulation  chamber 
is  provided  with  a  number  of  contacts  projecting  down  from  the  top 
far  enough  to  make  contact  with  the  mercury.  These  contacts  are 
connected  to  a  small  switch  having  ten  points.  The  potential  circuit 
currents  pass  into  the  mercury  chamber  with  the  load  current  and 
out  on  one  of  the  above  contacts  depending  on  the  position  of  the 
switch  arm.  This  gives  an  additional  series  motor  effect  of  small 
magnitude  and  a  starting  torque  to  overcome  friction.  A  feature  of 
this  instrument  is  a  separate  chamber  connected  to  the  main  mer- 
cury receptacle  by  a  channel  which  may  be  closed,  or  opened,  by 
means  of  a  valve.  This  auxiliary  receptacle  is  just  large  enough  to 
hold  all  the  mercury  used  in  the  meter,  and  during  shipment  the 
mercury  is  retained  in  this  receptacle  to  prevent  the  formation  of 
oxide  due  to  agitation,  or  churning,  caused  by  handling. 

Th^Bi"  mpt<>rs  ar«»  built   in   sizes  UD  to   10  amoeres.  self  containe 
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above  which  sizes  shunts  are  furnished.    A  uniform  drop  of  So  milli- 
volts at  full  load  is  used  on  all  shunts. 
This  model  was  produced  in  August,  1910, 


The  Duncan  Model  H  rotating  standard  (Fig.  658)  is  built  in 
two  sizes,  one  having  a  capacity  of  1,  2,  5,  10,  25  and  50  ampere^ 
the  other  a  capacity  of  S,  10,  25,  50  and  100  amperes.     Both  of  thest 


Pic.  65ft.— Duncan,  Model  H.  Continuous  CunEut,  Rotating  Standard. 

types  are  furnished  with  potential  coils  for  no.  220  or  550  volts,  ot 
any  combinations  of  two  or  more  of  the  above  voltages  in  one  meter. 
This  meter  is  similar  in  general  construction  to  the  standard  Model 
E  house  type  watt-hour  meter.  The  series  coils  are  wound  in  a  num- 
ber of  sections,  the  terminals  being  brought  out  and  connected  to  two 
systems  of  phosphor-bronze  brushes  which  make  contact  with  a  con- 
trolling roller.  This  controller  is  built  up  of  copper  blocks  with  insu- 
lation and  is  so  constructed  that  when  turned  to  different  angular 
positions,   the  different  sections  of  the   series  coils  are  connected   in 
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series,  or  parallel,  or  series-parallel,  giving  the  different  ampere 
capacities.  When  the  controller  is  set  for  the  smallest  capacity,  all 
sections  are  in  parallel,  etc.  The  drum  controller  is  actuated  by  a 
handle  extending  to  the  top  of  the  meter.  To  this  handle  is  attached 
a  pointer  traveling  over  a  dial  on  which  are  stamped  the  different 
ampere  capacities.  The  correct  position  of  the  controller  is  indicated 
when  the  pointer  is  over  the  number  representing  the  ampere  ca- 
pacity desired.  This  construction  is  such  that  there  is  a  uniform 
field  acting  on  the  armature  at  all  times  and  for  all  capacities,  since 
all  portions  of  the  series  coils  are  equally  loaded  no  matter  which 
capacity  the  meter  may  be  set  for. 

A  clamping  device  is  provided  which  lifts  the  moving  element  off 
of  the  jewel  for  transportation. 

A  dial  face  is  provided  at  the  top,  having  one  large  dial  four  inches 
in  diameter  and  two  smaller  dials.  One  revolution  of  the  large  dial 
hand  represents  one  revolution  of  the  meter  disk  and  the  other  dials 
represent  lo  and  loo  revolutions  respectively.  A  cam  is  mounted  on 
each  shaft,  carrying  the  dial  hands  which  is  actuated  by  a  system  of 
levers  operated  by  a  push  button  on  the  front  of  the  dial  face.  This 
device  enables  the  operator  to  set  the  dial  hands  back  to  zero  follow- 
ing each  test. 

The  meter  is  started  and  stopped  by  the  closing  and  opening  of  a 
snap  switch  in  the  potential  circuit. 

The  outfit  is  assembled  in  a  polished  oak  carrying  case  with  an 
instruction  sheet  in  the  lid,  giving  diagram  of  connections,  test  con- 
stants and  method  of  working  up  results.  An  external  resistance  is 
furnished  for  550  volts. 

This  model  was  produced  in  May,  1909. 

Model  HA 

Duncan  Model  HA  rotating  standard  has  field  coils  and  arma- 
ture connected  and  assembled  so  as  to  develop  a  four-pole  astatic 
combination.  This  type  of  rotating  standard  is  provided  with  two 
systems  of  series  field  coils,  one  of  which  is  used  for  the  smallest 
capacity  and  the  other  is  used  for  the  three  larger  capacities.  For 
the  larger  capacities  the  series  parallel  combinations,  of  the  series 
fields  are  made  by  the  use  of  plug  connections  and  a  terminal  block. 
This  meter  has  a  zero  returning  device  similar  to  the  Model  H  rotat- 
ing standard  and  has  a  clamping  device  for  protecting  the  jewel  dur- 
ing transportation. 

This  meter  is  made  in  2Vzy  5,   10  and  25  ampere  capacities,  with 
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potential  circuit  coils  of  no,  220  or  550  volts,  or  with  any  combiaa- 
tions  of  two  or  more  of  these  voltages. 
This  model  was  produced  in  March,  1912. 


Model  H2 

This  model  is  similar  in  general  details  to  the  Model  HA  rotating 
standard  excepting  that  it  does  not  have  the  zero  returning  device 
and  does  not  have  the  astatic  arrangement  of  the  field  coils  and  arma- 
ture. In  all  other  particulars,  it  is  the  same  as  the  Model  HA 
rotating   standard. 

This  model  was  produced  in   March,   1912. 

The  following  is  additional  data  pertaining  to  some  continuous 
current  types  of  Duncan  watt-hour  meters  which  has  not  been  here- 
tofore enumerated. 


Type 


Weight  Ele-    Pull  Load  Speed  Ratio  Torque      Shnnt 
Torque  (mm-g.)  ment  (grams)  (rev.  per  min.)       to  Weis^t  on  no  V.(Watt^' 


Model  A 

180-400 

180-200 

36.7 

i.o  -2.0 

5 

Model  E 

180-400 

130-135 

36.7 

I. 39-2  95 

5 

Model  EA 

170-360  ■ 

175-180 

36.7 

0.97-2.00 

5  5 

Model  R 

180 

106 

36.7 

1.70 

ID 

Model  F 

170-360 

175-180 

36.7 

0.97-2.00 

5  5 

Model  FR 

180 

106 

36.7 

1.70 

10 

Model  ER 

180 

106 

36.7 

1.70 

10 

Test  constants  and  formulas  for  these  meters  are  given  in  Chap- 
ter XV. 

Data  on  the  windings  of  the  series  coils  of  Model  A  watt-hour 
meters  follows: 
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SERIES  COIL  WINDINGS 

[Duncan,  Model.  A ,  Watt-hour  Meter 
2-WiRE  Meters 
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^ 


E-i 


4( 
tt 

•  « 


E-2 

4« 


E-3 

f « 
II 


9 

7 

5 

5 
6 

6 

6 

4 
I6M 

I2j^ 

6}^ 
4M 
3J^ 


Series 


<4 


II 


II 


Multiple 


Turns     No.  of 

Model    Amp.  Strips            Wire    per  Layer  Layers  Connected 

2}^   No.  I6    I8 

5     No.  13    13 

7J^  No.  10    9 

10    No.  10    9 

15    No.  10    9 

20    No.  10    9 

25    No.  9    8 

50    No.  6    6 

75  i4'-6"    2  strips 

100  ii'-o"    2  " 

150  io'-4"    3  " 

200  9'-o"    4  " 

300  6'-3"    6  " 

450  4'-6"  9  " 

600  3'-6"  12  " 


II 


II 


II 


II 


II 


II 


II 


<i 


<« 


Turns 

Total 

Amp. 

per  Coil 

Turns  Turns 

162 

324 

810 

91 

182 

910 

45 

90 

675 

45 

90 

900 

54 

108 

810 

54 

108 

1,080 

48 

96 

1,200 

^4_ 

48 

1,200 

leyi 

33 

1.237 

12K 

25 

1,250 

ii>i 

23 

1.725 

9H 

19 

1,900 

6>4 

13 

1.950 

4M 

9 

2,025 

3H 

7 

2,100 

3-W1RE  Meters 


Turns 

No.  of 

Turns 

ToUl  Amp. 

Model 

Amp. 

Sti 

tips 

Wire  per 

Layer 

Layers 

Connected 

per  Coil 

Tuma 

Turns 

E-1 

2^ 

No 

t6 

18 

9 

Separate 

162 

324 

182 

810 

II 

No. 

13 
10 

13 
9 

7 

7 
5 

91 

45 

910 
675 

«« 

No. 

90 

II 

10 

No. 

10 

9 
6 

5 
4 

45 
24 
24 
24 
13M 

90 

48 
48 
48 

27 

900 
720 

E-2 

>5 
20 

No. 

6 

II 

No 

6 

6 

4 

960 
1,200 

II 

25 
50 

No. 

6 

6 

4 
13H 

II 

II' 

-6" 

2  strips 

1.350 

E~3 

75 

II' 

-4" 

3 

I2>^ 

12j^ 

25 

1.875 

II 

100 

8' 

-7" 

4 

9>4 

9>^ 

19 

1,900 

II 

150 

6' 

-3" 

6 

6^ 

6M 

13 

1.950 

•I 

200 

4' 

-6" 

8 

«    V 

^H 

4>^ 

9 

1,800 

II 

300 

3' 

-5" 

12 

3H 

3'A 

7 

2,100 

II 

450 

2'- 

-7" 

18 

2*A 

2H 

5 

2,250 

II 

600 

I' 

-7" 

24 

OA 

• 

l}^ 

3 

1,800 

Size  of  strips  =  I  }^"  x  .0016". 

Data  on  the  windings  of  the  series  cores  of  other  models  are  given 
on   the  next  page. 

Duncan  Models  E,  EA,  F  and  C  Watt-hour  Meters  above  Serial 
Number  150,000. 
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SERIES  COIL  WINDINGS 
2-WiRE  Meters 


E 


Model     Amp.  Strips  Wire    pei 

E-I  2)^,  No.  16 

5  No.  13 

jyi  No.  II 

10  No.  10 

15  No.  II 

-2        25  No.    9 

50  No.    6 

75  i4'-6"        2  strips 

100  ii'-o"        2     " 

-3       150  io'-4"        3     " 

200  9'-o"        4    " 

300  6'-3"        6     •• 

400  7     " 

.450  4'-6"        9     " 

500  II     " 

600  3'-6"  12"  " 


E 


jms 

No.  of 

Turns 

Total   Amf 

.layei 

r  Layers 

Connected 

per  Coil 

Turns  Tttrr.f 

18 

9 

Series 

162 

324 

810 

13 

7 

i( 

91 

182 

910 

10 

6 

<i 

60 

120 

90U 

9 

5 

<< 

45 

90 

9UU 

10 

6 

Multiple 

60 

60 

900 

8 

6 

48 

96 

1,200 

6 

4_ 

^^w 

48 

1^200 

i6H 

I6H 

33 

1.237 

123^ 

I2j^ 

25 

1,250 

11^ 

IlK 

23 

1.725 

9M 

9M 

19 

1.900 

6>^ 

014 

13 

1.950 

5H 

5H 

II 

2.200 

4^ 

4}^ 

9 

2.025 

4J^ 

4>^ 

9 

2,250 

3^ 

• 

3J4 

7 

2.100 

3-W1RE  Meters 


E-i 


E-2 


E-3 


18 

13 
10 

9 

7 
6 


9 

7 
6 

5 

5 

4 

13H 
I2y2 

9H 

6}i 

4J^ 
3^ 
2H 
2^ 
iH 


Connected 

Separate 


Turns      No.  of 

Model     Amp.  Strips            WLie     per  Layer  Layers 

2j^   No.  16 

5    No.  13 

7>^   No.  II 

10    No.  10 

15    No.  7 

25    No.  6 

50  1 1 '-6"  2  strips 

75  ii'-4"  3  " 

100  8'-7"  4  " 

150  6'-3"  6  " 

200  4'-6"  8  " 

300  3'-5"  12  " 

400    15  " 

450  2'-7"  18  " 

500    21  *• 

600  I '-7"  24  " 


Turns 
per  Coil 

162 

91 
60 

4S 
35 
24 
13H 

i2y2 

43^ 
2H 

2H 


Total 
Turns 

324 
182 

120 


90 
70 

48 

27 
25 

19 
13 
9 
7 
5 
5 
3 
3 


Amp 
Turns 

810 
910 
900 
900 
1,050 
1.200 

1*350 

1.875 
1,900 

1.950 
1.800 
2.100 
2,000 
2^50 
1,500 
1.800 


Size  of  strips  =  1 3^"  x  0.020". 

Diagrams  of  connections  are  shown  in  Figs.  659  to  666. 
Dimensions  of  these  meters  are  shown  in  Figs.  667  to  670. 
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Internal  Connection  Diagrams 


Two- wire. 


Three- wire. 


Pig.   659- — Internal  Connections  for   Duncan.   Model  A,   Continuous  Current  Watt- hour 

Meters. 
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Fig.  660.— Internal  Ci 
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Model  R.  l-wire 


^K 


m 


11 


lm[ 


Fic.  663.— Enwrnal  and  Iinemal  DiB( 


Modd  ER.i-ivirr. 
)r  Duncan.  Continuous  Cuircnl  Walt-hour  M^. 
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External  Connection  Diagrams 


j-birdinn  Post  Type.  Eilemally  C 


:  Port  Type.  Eiirra.tl)  Can 
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IK 


^ 


©D®© 


3 


i 


3 


3 


=^ 


TO 
L.OAD 


2  WIRE  4  BINOINQ  POST  TYPE 

INTERNALLY   CONNCCTED   SHUNT 


TO 

l_iNC 


dMk^l 


_,/3!\ 


wnc 


-S\ 


(iXi)®® 


^3 


i 


=^ 


TO 
LOAC 


2  WIRE  3  BINOINQ  POST  TYPE 

CXTCRNALLY  CONNECTED  5MUNT 


Fig.  664. — External  Connections  for  Duncan,  Model  E,  Continuous  Current  Watt-hour  Meter 
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NCUTPAL 


K 


®©©© 


c 


3  WIRE  4  BINDING  POST  TYPE 

rNTERNALLY    CONNECTED    SMUNT 


NEUTRAL 


AMUMTlvwmC 


Mt|vw«) 


®®®® 


I 


vs 


3  WIRE  5  BINDING  POST  TYPE 

EXTCRNAl-LY  CONNCCTCO  SHUNT 


Fig.  66s. — External  Connections  for  Duncan,  Model  E,  Continuous  Current  Watt-houx  Mete? 
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^(]T)ooooooooc^ -Q 

'^Potential  Switch 


110    220 


PORTABUE 

^^   l^CLCASC       Test 

Load 


Fly -BACK 
Levcr  roA 

POtNTCRS 


PREftsune  Termmals 

Fig.  666. — Diagram  of  Connections  for  Duncan,  Model  H,  Rotating  Standard. 
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Fic.  668  — Dimf 
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>(  Duncan  Model  E,  Continuou 
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The  following  instructions  for  installing  and  adjusting  these  type* 
of  watt-hour  meter  were  issued  by  the  manufacturer: 

After  the  meter  is  unpacked,  and  before  the  case  or  cover  is  openei 
clean  it  carefully,  and  see  that  none  of  the  excelsior  in  which  it  was 
packed  is  adhering  to  the  felt  which  projects  out  beyond  the  back 
edge  of  the  cover. 

When  the  proper  location  has  been  selected  (which  should  be  out 
where  there  is  no  vibration),  nail,  or  screw,  upon  the  wall,  a  board 
somewhat  larger  than  the  back  dimensions  of  the  meter,  and  npor 
this  board  hang  the  meter  by  the  top  hanger. 

Next  remove  the  cover,  then  proceed  to  level  the  meter,  g^etting  it 
as  level  as  possible,  because  many  complaints  about  meters  being 
too  slow  on  small  loads  are  traced  to  the  meter  being  "  out  of  level." 

The  most  practical  and  accurate  method  of  leveling  a  meter  is  to 
use  a  small  brass  weight  upon  the  disk  as  follows: 

Place  the  weight  upon  the  front  or  back  upper  surface  of  the  disk 
and  near  to  the  edge,  and  note  which  way  the  disk  and  weight  rotate. 
If  they  go  toward  the  right-hand  side  of  the  meter,  then  move  the 
bottom  of  the  meter  in  the  same  direction  so  as  to  raise  the  disk  on 
the  right-hand  side.  When  the  disk  is  perfectly  level  from  right  to 
left,  the  weight  and  disk  will  remain  stationary  when  placed  at  either 
the  back  or  front.  Next  put  the  weight  at  either  side  of  the  disk, 
and  should  they  turn  toward  the  front,  it  indicates  that  the  disk  is 
lower  at  the  front  than  at  the  back;  then  the  meter  should  be  brought 
out  from  the  wall  or  board  at  the  bottom  until  the  weight  remains 
steady  at  the  side  when  placed  there.  If  the  weight  should  move 
tow^ard  the  back  after  being  placed  at  the  side,  it  indicates  that  the 
back  of  the  disk  is  lower  than  the  front  and  the  meter  should  be 
brought  out  from  the  wall  or  board  at  the  top. 

In  leveling  the  meter  in  the  last  position,  it  is  possible  that  the  first 
leveling  has  been  altered,  hence  it  is  necessary  to  again  repeat  the 
first  leveling,  and  even  when  this  is  readjusted,  try  the  second  level- 
ing again.  When  the  meter  is  leveled  in  this  manner  the  weight  may 
be  placed  at  any  point  upon  the  disk  and  will  remain  absolutely 
stationary. 

This  method  is  reliable,  because  the  force  of  gravity  which  is  em- 
ployed never  alters,  while  the  use  of  a  spirit  level  cannot  alinrays  be 
depended  upon,  and  particularly  in  the  case  of  short  levels,  such  as 
arc  used  in  leveling  meters,  as  they  are  rarely,  if  ever,  correct. 

A  weight  suitable  for  this  work  is  made  from  a  section  of  brass 
rod  %   inch  in  diameter  by   Vi  inch  long. 

When    connecting    the    line   wires    into    the    binding   posts    of    the 
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tneter,  exercise  care  in  getting  the  screws  tight  so  as  to  prevent  heat- 
ing- through  poor  contact. 

If,  upon  starting  the  meter,  it  should  spark  at  the  brushes,  it  is  an 
indication  that  dust  has  lodged  upon  the  commutator,  and  ii  should 
l>e  cleaned  with  a  piece  of  closely  woven  cotton  tape  V4  inch  wide. 

In  putting  the  cover  into  position  on  the  meter,  see  that  the  felt  is 
not  pulled  away  from  the  inner  rib  and  doubled  over  into  the  groove. 
as  this  will  cause  the  cover  to  be  higher  at  this  point  than  any  other 
point  around  the  groove,  and  permit  the  entrance  of  dust. 

Do  not  let  meters  remain  around  in  the  meter  shop,  or  any  other 
place  for  that  matter,  with  their  covers  off.  Keeping  them  clean 
will  insure  less  trouble,  and  secure  better  service  and  longer  life. 

The  method  of  compensating  for  errors  on  small  loads  adopted  in 
this  meter  consists  of  a  small  multipoint  switch,  referred  to  above, 
secured  upon  the  front  of  the  back  cast  support  of  the  meter  and 
determines  the  torque  due  to  the  compensating  coil  situated  within 
the  front  series  field  coil.  If  the  speed  of  the  meter  should  be  slow 
on  small  loads,  that  is,  3%  of  the  meter's  capacity  and  under,  the  error 
can  be  corrected  by  moving  the  lever  of  the  switch  toward  F,  to  the 
left.  If  the  speed  on  small  loads  is  too  high  on  account  of  vibration, 
the  lever  is  to  be  moved  toward  S,  to  the  right. 

To  correct  the  speed  on  higher,  or  larger,  loads,  the  magnets  alone 
must  be  used;  as  the  compensating  coil  and  switch  are  employed  to 
balance,  or  overcome,  the  friction  of  the  bearings  which  interferes 
writh  small  load  accuracy  only. 

The  meter  is  shipped  with  the  threadless  jewel  post  lowered 
enough  to  release  the  jewel  from  the  end  of  the  shaft  of  the  moving 
element — being  held  in  this  position  by  a  wire  retaining  spring  which 
engages  the  side  of  the  post.  Before  leveling  the  meter,  move  the 
wire  spring  a  little  to  one  side,  then  push  the  jewel  post  up  into  posi- 
tion and  allow  the  spring  to  seat  itself  into  the  slot  in  the  head  of 
the  jewel  post. 

The  visual  bearing  permits  of  an  inspection  of  the  jewel  and  pivot 
while  the  meter  is  in  operation.  When  its  collar  is  turned  so  as  to 
expose  the  bearings,  the  detachable  point  of  the  shaft  may  be  re- 
moved with  a  small  pair  of  tweezers,  cither  through  the  opening  in 
the  collar  or  through  the  jewel  post  hole  in  the  base  of  the  meter. 
Before  removing  the  pivot,  the  jewel  post  should  be  taken  out  so  as 
to  give  more  room  for  the  operation. 

The  detachable  pivot  is  not  threaded,  but  is  held  in  the  end  of  the 
spindle  by  magnetic  attraction  and  made  from  steel  wire. 
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When  handling  the  wire  spring  which  holds  the  jewel  post  in  plact 
be  careful  not  to  pull  it  downward  but  always  to  one  side. 

If  a  meter  has  stopped  it  may  be  due  to  one  or  more  of  a  greai 
many  causes.  The  armature  may  be  open  circuited  as  occasionalh 
happens  when  it  is  damaged  by  lightning,  or  the  same  cause  may  n*-^ 
do  any  harm  to  the  armature  but  open  circuit  the  compensatinir  coil 
or  perhaps,  the  resistance,  any  one  of  which,  of  course,  prevent? 
current  from  flowing  through  the  armature  or  potential  circuit.  Tbr 
fact  of  the  meter  stopping  may  also  be  due  to  the  retarding-  disk 
having  become  slightly  loosened  and  slipped  down  on  the  spindle.  «"•: 
it  may  have  worked  up  through  rough  handling  while  in  transit,  so 
that  it  touches  one  of  the  magnets  and  prevents  rotation. 

Again,  the  meter  may  not  operate  on  account  of  the  person  install- 
ing it  having  neglected  to  raise  the  jewel  up  into  its  proper  place, 
thereby  allowing  the  lower  portion  of  the  disk  hub  to  rest  on  the  top 
of  the  tubular  guide  in  which  the  jewel  post  is  positioned.  Of  course, 
in  cases  where  the  potential  circuit  is  open,  no  load  will  cause  tht 
armature  to  operate*,  but  where  the  position  of  the  disk  on  the  shaft 
has  been  altered,  or  the  lower  jewel  not  raised  up,  the  meter  w^ill  not 
operate  on  small  loads,  such  as  one  or  two  lamps,  but  when  the 
higher  loads  are  applied  to  it,  it  may  rotate,  but  too  slow,  conse- 
quently oversights  of  this  sort  can  readily  be  detected. 

Cases,  too,  have  been  reported  where  the  shaft  or  spindle  of  the 
meter  was  bent  while  being  shipped,  and  this  caused  the  armature 
to  touch  some  of  the  corners  of  the  series  field  coils,  but  when  thi> 
happens  it  is  always  best  to  return  the  meter  to  the  factory  where 
it  can  have  the  best  attention,  unless  the  central  station  manag^er  is 
prepared  to  remedy  the  trouble  himself. 

Further,  cases  have  been  known  where  the  potential  circuit  was 
all  right,  but  still  the  meter  failed  to  operate,  due  to  the  commutator 
and  brushes  having  become  so  badly  tarnished  and  dirty  that  the 
small  amount  of  current  employed  was  unable  to  pass  througrh  tht 
dirt  on  the  commutator.  Therefore  it  is  always  well  to  see  that  the 
commutator  and  brushes  are  clean  before  undertaking  to  locate  the 
trouble  in  any  of  the  other  parts  or  elements  comprising  the  potential 
circuit.     Such   cases   as  this,  however,  are  very  rare. 

Again,  we  advise  examining  the  worm  and  worm  wheel,  for  if  they 
happen  to  be  jammed  too  tightly  together  and  bind,  the  meter  nia\ 
fail  to  operate,  and  if  they  are  too  loose,  it  may  prove  to  be  just  as 
bad  if  the  leaves  of  the  worm  should  bind  tightly  against  the  edge  or 
face  of  the  teeth  of  the  worm  wheel.  The  proper  meshing  of  the 
worm  and  worm  wheel  should   be  carefully  observed,  and   the   ideal 
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condition  is  one  in  which  the  teeth  of  the  worm  wheel  just  enter  to 
one-half  the  depth  of  the  leaves  on  the  worm.  When  this  adjust- 
ment has  been  properly  made,  there  will  be  a  small  amount  of  free- 
dom or  lost  motion  between  the  worm  and  worm  wheel,  but  not 
enough  to  permit  the  teeth  of  the  worm  wheel  to  slip  past  the  leaves 
of    the  w6rm. 

It  sometimes  happens  that  the  upper  bearing  has  been  driven  down 
on  the  shaft  so  as  to  press  the  shaft  down  on  the  lower  jewel  bearing, 
or  so  that  the  disk  hub  rests  on  the  jewel  post.  This  will  cause 
erratic  light  load  readings,  or  may  stop  the  meter  altogether,  but  can 
be  easily  corrected  by  raising  the  upper  bearing  so  that  the  shaft  will 
have  a  vertical  adjustment  or  clearance  of  about  it  of  an  inch. 

If  the  meter  runs  unsteady,  or  jerky,  it  may  be  due  to  excessive 
friction,  or  it  may  be  caused  by  a  defective  armature  or  commutator. 
If  due  to  friction,  the  trouble  will  be  more  noticeable  on  the  lighter 
loadSs  the  speed  of  the  meter  may  vary;  some  being  made  with  the 
disk  running  steadily,  others  very  jerky.  If  the  trouble  is  in  the 
armature  the  disk  will  usually  run  the  same  for  each  revolution, 
slowing  down  or  speeding  up  at  the  same  point  each  time. 

The  source  of  friction  may  be  easily  eliminated,  but  some  sort  of 
a  test  must  be  made  on  the  armature.  A  defective  armature  may  have 
an  open  circuited  coil,  two  or  more  commutator  segments  short  cir- 
cuited together,  or  some  of  the  leads  connecting  the  coils  to  the 
commutator  segments  may  be  broken. 

For  testing  out  the  armature,  a  convenient  test  lamp  may  be  con- 
nected up  and  used  on  no  or  220  volts  as  follows:  Take  a  16  C.P. 
lamp  provided  with  a  key  socket  and  about  three  feet  of  lamp  cord, 
and  connect  one  of  the  ends  of  the  lamp  cord  to  one  side  of  the  cir- 
cuit, then  to  the  other  side  of  the  circuit  connect  a  piece  of  single 
conductor  lamp  cord  which  will  now  give  the  two  terminals,  that 
is,  one  coming  from  one  side  of  the  supply  circuit  and  the  other  one 
coming  from  the  key  socket.  To  each  of  these  two  terminals  attach 
a  piece  of  -fg  inch  brass  wire  made  with  a  point  and  covered  with 
some  kind  of  insulation,  so  that  they  may  be  properly  handled,  leav- 
ing only  one-half  or  three-fourths  of  an  inch  of  the  pointed  ends 
exposed. 

These  two  pointed  ends  are  brought  into  contact  with  two  adjoin- 
ing segments,  and  if  the  coil  between  these  two  segments  is  all 
right  the  lamp  will  light  up  with  a  subdued  incandescence.  Then 
connect  one  of  the  pointed  terminals  to  one  of  the  segments  already 
touched,  and  with  the  other  pointed  terminal  make  contact  with  the 
next  segment,  and  so  on  around  the  entire  commutator.     If  all  of 
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the  coils  are  in  good  shape,  the  lamp  will  burn  with  about  the  saim 
dull  incandescence  on  all  of  the  coils.  If  one  of  the  coils  betwet- 
two  of  the  segments  causes  the  incandescence  of  the  lamp  to  be  ven 
low,  then  this  shows  that  that  particular  coil  is  open  circuited,  ard 
the  fact  of  the  lamp  burning  much  duller  is  due  to  the  current  havitie 
to  pass  around  all  of  the  other  coils  in  series  instead  of  groing-  aronnd 
two  paths  of  the  armature  in  parallel  as  is  the  case  when  the  arma- 
ture is  O.  K. 

Next,  place  the  ends  of  the  testing  pins  on  the  terminals  at  the 
end  of  the  brushes,  which  are  mounted  on  the  lava  brush  block,  and 
slowly  revolve  the  armature.  If  the  coils  are  all  right,  the  lamp 
should  burn  at  a  low  incandescence  during  the  entire  revolution  of 
the  armature,  but  if  the  lamp  burns  brightly,  or  flames  up,  there  is 
a  short  circuit  between  some  of  the  armature  coils  or  commutator 
segments. 

Another  good  test  to  make  in  order  to  ascertain  whether  or  not 
some  of  the  segments  are  grounded  to  the  clamping  rings  of  the  com- 
mutator, is  by  touching  one  of  the  rings  with  one  of  the  testing  pins 
and  allowing  the  other  to  touch  each  segment  successively,  then  re- 
peating  the  test  with  the  second  clamping  ring. 

It  is  easy  to  find  trouble  in  the  compensating  coil  by  placing  the 
pointed  testing  terminals  at  the  ends  of  the  compensating  coil,  one 
of  which  is  connected  to  the  lower  left-hand  series  binding  post  and 
the  other  to  one  of  the  brush  terminals  on  the  lava  support.  Thcs<^ 
two  terminals  are  easily  observed  on  account  of  both  of  them  being 
covered  with  colored  sleeving,  either  red  and  black  or  red  and  green. 
If  the  lamp  lights  up  when  the  testing  terminals  are  applied  to  the 
ends  of  these  two  colored  leads,  thq  compensating  coil  is  all  right 
but  if  it  is  open  circuited,  the  lamp  will  not  show  any  incandescence 
In  making  this  test,  it  is  well  to  move  the  lever  of  the  compensating 
switch  over  all  of  the  contacts,  that  is,  from  F  to  S,  but  be  careful 
to  put  it  back  where  it  originally  was  when  you  started  to  make  the 
test,  so  as  not  to  alter  the  compensation.  In  making  these  tests  it  is 
understood  that  the  meters  are  disconnected  from  the  circuit. 

In  testing  the  resistance  for  an  open,  or  break,  touch  its  terminals 
with  the  testing  pins,  and  if  is  open  circuited  in  any  of  its  coils,  the 
lamp,  of  course,  will  not  light  up.  If  the  resistance  is  as  it  should  be, 
the  lamp  will  burn  with  a  low  incandescence.  If  it  is  open  circuited. 
next  proceed  to  find  out  the  particular  section  or  coil  in  which  the 
break  is.  This  can  be  done  by  removing  a  little  insulation  from  one 
of  the  wires  on  each  coil  and  testing  them  one  at  a  time.    The  break 
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can  be  easily  repaired  by  unwinding  that  section  in  which  the  trouble 
has  been  located,  and  soldering  the  ends  together. 

In  the  case  of  22o  or  500  volt  resistance  cards  a  more  satisfactory 
test  can  be  made  by  ringing  through  them  with  an  ordinary  magneto. 
The  comparatively  high  ohmic  resistance  of  the  cards  supplied  with 
meter  of  these  voltages  is  sufTicient  t6  prevent  the  test  lamp  lighting 
up,  but  is  not  high  enough  to  prevent  a  good  magneto  ringing 
through  them  if  they  are  not  open  circuited. 

The  wire  cmployed-in  winding  up  these  resistances  gives  very  little 
trouble  from  open  circuits,  and  when  they  are  found,  it  may  be  at- 
tributed to  the  action  of  lightning. 

Duncan  Altesnating  Current  Watt-hour  Meters 
Description  of  Model 
Model  M 
The  Duncan  Model  M  watt-hour  meter  (Fig^  671)  is  of  the  induc- 
tion type.     It  contains  but  three  coils,  one  being  a  potential  coil, 


Fig.  671.— Duncan,  Mod»l  M.  Single-phase.  Induction  Watt-houi  Mtlei. 

the  Other  two  being  series  coils.     The  meter  is  phased  by  havir 
multiple  with   the   main,   or  effective,   air   gap  another  air  gap. 
effective  gap,  or  the  one  in  which  the  disk  operates,  is  longer 


978  ELECTRICAL   METERAfAN'S   HANDBOOK 

the  gap  in  multiple  with  it  and  this,  together  with  the  reactance  of 
the  braking  disk  itself,  is  sufficient  to  secure  the  required  quadrature 
All  light  load  adjustment  is  secured  by  another  application  of  a  gen- 
eral scheme  of  multiple  gaps.  Small  soft  iron  cores  are  carried  oa 
sliding  adjustments  in  front  of  the  potential  circuit  cores,  g^iving  a 
starting,  or  compensating,  torque.  To  prevent  humming,  the  shaft  is 
provided  with  a  flexible  upper  bearing.  The  instrument  contains  one 
brake  magnet  and  full  load  adjustment  is  secured  by  shunting  the 
flux  of  this  magnet  with  a  soft  iron  disk  whose  position  can  be 
changed  by  micrometer  adjustment.  This  meter  is  provided  with 
four  dials  of  the  same  size  as  all  other  Duncan  watt-hour  meters 
The  binding  posts  are  contained  in  a  separate  compartment  located 
at  the  bottom  of  the  meter.  When  ordered  for  133  cycles,  a  special 
adjustment  is  provided  so  that  the  meters  can  be  changed  over  10 
60  cycles  without  recalibration. 

Diagrams  of  connection  for  this  meter  are  given  in  Fig.  672. 

Dimensions  of  this  meter  are  given  in  Fig.  673.  This  meter  is 
made  in  all  sizes  from  5  to  800  amperes  inclusive  with  series  trans- 
formers used  with  all  instruments  from  100  amperes  up. 

Test  constants  for  this  type  of  meter  are  the  same  as  for  the  Model 
E  house  type  meters. 

T^is  model  was  produced  in   February,   1912. 

The  Model  M  watt-hour  meter  has  a  torque*  of  115  mm-g.:  a 
weight  of  moving  element  of  46  grams;  a  full  load  speed  of  36.7  rev. 
pejr  min.  ;,a  ratio  of  torque. to  weight  of  2.5  and  a  potential  circuit  los^ 
on  no  volts,  of  1.25  watts. 
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P[G.  673-— Eilernal  Dimensions  of  Duncan.  Model  M.  Induction  Watl-hour  Mel. 
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COLUMBIA    CONTINUOUS    CURRENT   WATT-HOUR    METERS 

The  Columbia  continuous  current  watt-hour  meter  is  of  the  motor 
type,  having  a  light  armature,  carrying  a  current  whose  strength  varies 
with  variations  in  line  potential,  and  revolving  within  the  magnetic  field 
of  a  stationary  winding  which  carries  a  current  varying  with  the  elec- 
trical load.  The  torque  of  this  meter  is  proportional  to  the  product  of 
the  line  potential  and  current,  and  by  appropriate  braking  means,  the 
speed  of  rotation  is  proportional  to  the  load.  A  simple  revolution  counter 
attached  to  the  armature  shaft  will,  therefore,  record  the  total  energy 
which  has  passed  (Fip.  674). 

Description  of  Various  Types 
Type  D 

In  the  Columbia  Type  D,  service  meter,  the  armature  windings 
comprise  but  three  coils.  These  are  approximately  circular  in  shape 
and  are  form-wound,  interlocked  with  one  another,  and  with  the 
Hj^ht  impregnated  fiber  disk  which  serves  as  a  spacer  for  them  (Figs. 
675  and  676). 

The  objectionable  non-uniform  torque,  which  the  earlier  efforts  to 
construct  a  satisfactory  three-coil  armature  encountered,  is  overcome 
by  a  simple  expedient.  The  aluminum  damper  disk  has  the  conven- 
tional anti-creep  provision  in  the  shape  of  three  small  soft-iron  plugs, 
mounted  close  to  the  central  shaft.  These  in  their  revolution  come 
successively  within  the  influence  of  an  adjustable  iron  screw  which  is 
magnetized  by  an  extension  from  one  of  the  damper  magnets.  The 
angular  relationship  of  the  armature  windings  and  of  the  three  iron 
plugs  is  such  that  at  the  time  that  the  armature  is  exerting  a  maxi- 
mum torque  the  magnetized  screw  is  exerting  the  maximum  pull  to 
hold  back  a  given  plug,  and  conversely  when  the  armature  pull  is  a 
minimum  the  magnetized  screw  is  attracting  the  plug  with  the  maxi- 
mum effort  to  cause  forward  rotation.  The  irregularities  of  torque 
arc  in  this  way  smoothed  out. 

The  construction  of  the  brushes  and  brush  holder  will  be  evident 
on  referring  to  Fig.  677,  which  shows  a  pair  of  brushes  with  their 
supporting  plate.  It  will  be  noted  that  each  brush  is  formed  of  a 
length  of  phosphor  bronze  wire  bent  hairpin-wise  and  secured  at 
its  "  U  "  shaped  extremity  to  a  brass  sleeve,  which  in  turn  is  secured 
to  an  insulated  stud  by  the  set  screw  "  A."  This  same  sleeve  carries 
at   its  upper  extremity   an   extension   **  B "   at   the   end  of   and   at   right 
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,0.  6j4  — lnl*mal  Connpclions  af  Columbin,  Tvpt  D.  Contmuous  Cufrenl  Walt-hour  MiUi 
A.  Amuluie:  AR.  Adjusuble  Resistance  to  Vary  the  Field  of  CC:  BBu  Brushes;  C.  Com 
mulalor;  CC.  F^ctiun  Compensating  CoiU  D.  Disk;  FtX,  Full  UulcI  Adjuslmint ;  LL  or 
CA.  Light  Load  or  Creep  Adjustment;  UMi.  Magnets;  R,  Resistance;  >".  Sh^t;  SFC. 
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angles  to  which  there  is  the  micrometer  scrpw  "  C."  The  end  ot 
this  micrometer  screw  bears  against  an  insulated  stop  **  D."  The 
phosphor  bronze  wire,  of  which  the  hairpins  are  formed,  is  rolled 
flat  for  the  main  proportion  of  its  length  so  as  to  form  a  delicate 
spring  and  its  rounded  free  ends  serve  to  receive  the  silver  tubing 
which,  when  slipped  over  them,  forms  the  brushes  proper.  Ob\'i 
ously,  with  such  a  structure  the  micrometer  screw  by  reguIating^  the 
distance  between  the  extension  "  B  "  and  the  insulated  stop  regulates 
the  pressure  with  which  the  brushes  press  against  the  commutator 
and  this  pressure  when  once  determined  is.  invariable.  If  it  is  at 
any  time  desired  to  completely  remove  the  brushes  for  inspection 
purposes  all  that  need  be  done  is  to  loosen  the  screw  *'  A,"  w^here- 
upon  the  brushes  may  be  rotated  clear  and  dropped  out  into  the 
hand  of  the  inspector.  The  reverse  operation  upon  reassemblai^e 
leaves  the  brush  tension  unchanged. 

The  Columbia  commutator  contains  only  three  segments,  is  one- 
tenth  of  an  inch  in  diameter,  and  is  made  of  chemically  pure  silver. 
The  shaft  is  of  solid  bronze  and  the  pivots  are  of  hardened  steel, 
ground  and  polished  to  the  proper  curvatures  and  secured  in  place  by 
split-friction  clamps,  which  enable  their  instant  removal  and  replace- 
ment without  the  aid  of  tools  other  than  a  pair  of  tweezers.  The 
jewel,  which  is  of  sapphire,  is  fastened  solidly  in  the  end  of  a  plain 
cylindrical  post,  having  a  head  at  the  bottom  larger  than  its  body. 
The  bracket  to  receive  this  post,  instead  of  being  threaded,  is  drilled 
with  a  smooth  hole  of  the  same  diameter  as  the  post  body.  A  flat 
phosphor-bronze  spring  of  appropriate  strength  is  fastened  so  that 
its  end  may  be  brought  under  the  post  end,  as  shown  in  Fig.  678. 
serving,  then,  both  as  the  retaining  means  and  as  the  jewel  spring. 
With  this  design  when  it  is  desired  to  remove  a  jewel  for  inspec- 
tion, the  spring  end  is  pulled  down  and  simultaneously  swung  aside 
with  the  thumb,  whereupon  the  jewel  drops  .out  free  and  clear  into 
the  hand.  Its  replacement  involves  the  reversal  of  this  procedure 
(Fig.  679). 

The  drag  magnets  being  clamped  and  doweled  in  place,  it  is  not 
possible  to  use  the  common  expedient  of  shifting  them  in  and  out  on 
the  base  plate  to  vary  the  lever  arm  with  which  the  eddy  currents  set 
up  in  their  damper  disks  act,  thus  varying  the  damping  effect,  and, 
hence,  the  main  speed.  The  same  end  is  accomplished  by  providing 
a  soft-iron  bridge  plate,  bridging  over  the  extremities  of  each  magnet 
and  adjustable  by  means  of  a  set  screw  and  lock-nut  to  any  desired 
distance  therefrom.  This  gives  a  regular  micrometer  means  of  vary- 
ing the  effective  magnet  strength. 
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A  heavy  soft-iron  shield  is  interposed  between  the  scries  coils  and 
the  permanent  magnets,  which  guards  the  magnets  (rom  disturbances 

In  all  electricity  meters  which  contain  moving  parts  IhiTC  is  provided 
a  means  of  impressing  a  small  but  constant  turning  effect  on  the  system 
so  as  to  con;ipensate  for  the  inevitable  friction.  In  commutator  type 
meters  this  means  commonly  takes  the  form  of  a  coil  of  fine  wire  which 
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Pic.   678. — Method  of   Supporting    Besiing 
uid  Loddng  Moving  Eloncnt. 


Fig.  670.— Inttrnul  View  ot  Coliur 
D.  Continuous  Cumait  Wiitt-h 
showiag  Method  of  Removing  B 


i   placed   adjacent   to   the 
rmature.     Being  placed  a) 


•  coils  and  connected  in  series  with  tlie 
le  series  coil,  its  field  evidently  acts  upon 
the  armature  much  as  ihe  series  coil  does.  This  tendency  may  be  mod- 
ified in  strength  for  adjustment  purposes,  either  by  varying  Ilie  diMance 
by  which  the  fixed  coil  is  removed  from  the  armature,  or  by  varying 
the  current  through  the  two.  In  the  Columbia  meKr  the  laM  named 
expedient  is  the  one  adopted,  the  coil  lieing  permanently  secured.  Tlif 
current  adjustment  is  obtainable  by  providing  in  the  coil  circuit  a  icrii- 
of   small   resistance   spools,   equipped   with   pin   terminal?,   to   which   con- 
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nection  can  be  selectively  made  by  means  of  a  split  bushing  terminal  co 
a  flexible  cord.  This  series  of  spools  is  strung  on  a  metal  arbor  ac- 
cessibly located  within  the  ease. 

The  registers  which  are  regularly  supplied  are  of  the  standard 
type,  but  for  those  who  prefer  it,  a  cyclometer  register  can  be  fnr- 
nished  <Fig.  680). 

The  base  is  a  solid  aluminum  casting,  ribbed  so  as  la  secure  required 
stiffness  and  at  the  same  time  being  light.  The  covers  are  likewise  <it 
aluminum,  each  being  formed  of  a  single  stamping  from  the  solid  ^shec 
and  provided  with  a  large,  clear  window,  through  which  the  dials  and 
the  disk  may  be  observed. 

Aging    of    the   magnets,   or   lack    of   ordinary   care,    are    the    genenl 


Pig.  68a — Cyclometer  Regiitir. 

conditions  which  will  cause  this  meter  to  run  fast.  The  general  con- 
dition which  will  cause  this  meter  to  run  slow  is  sparking  at  commu- 
tator, caused  by  dirt,  or  roughness,  which  should  be  cleaned  and  pol- 
ished with  a  soft  piece  of  cotton  tape  or  with  a  very  fine  piece  oi 
worn  crocus  cloth,  if  the  tape  will  not  remove  the  foreign  matter. 
Great  care  should  be  taken  not  to  scrape  the  commutators  or  to  use 
coarse  emery  paper  on  the  same,  as  the  fine  silver  particles  clog  up 
the  commutator  slots  and  short  circuit  them.  Friction  due  to  de- 
fective jewels,  or  pivots,  and  dirt  collecting  at  upper  bearing;  also 
bent  upper  bearing  pins,  will  cause  meters  to  run  slow. 

All  coils  and  circuits  have  independent  terminals  so  that  they  may 
l>c  readily  disconnected  for  testing  purposes.  The  spools  on  which  the 
resistance  wires  are  wound  are  of  porcelain  and  the  wires  themselves. 
in  addition  to  the  conventional  insulation,  arc  coaled  with  insulating  com- 
pound.    All   parts  are  manufactured  on  the   interchangeable  part   system. 

The  following  formula  is  used   for  this  type  of  meter; 
Rev.  X  K 
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where  "watts"  represents  load  on  the  meter  under  test;  "rev."  repfe- 
sents  the  revolutions  the  meter  makes  during  test;  *' K "  is  the  watt- 
second  constant  of  meter  under  test,  and  "  seconds  "is  the  duration  of  test. 
Tables  in  Chapter  XV  give  the  gear  ratios,  constants  and  test  formulas 
for  this  type  of  meter  and  the  following  tabulation  gives  additional  in- 
formation pertaining  to  this  meter. 

Speed  at  full  load 30  rev.  per  min. 

Torque  at   full  load 90  mm-g.   at    iioo   watts    (full 

load). 

Weight  of  moving  element 90  g. 

Ratio  of  torque  to  weight i.o. 

Volts  drop  in  series  coil  at  full  load...     0.55  volts  at  10  amperes. 

Watt  loss  in  series  coil  at  full  load 55. 

W^att  loss  in  potential  circuit 2,  at  no  volts. 

Temperature  coefficient  per  degree  C.     0.12    per    cent    meter    running 

faster  at  higher  tempera- 
tures. 

Continuous  overload   rating 1.5  times  rated  capacity. 

Ohms  resistance  and  size  wire  of  shunt 

resistance    No.  36  B.  &  S.  gauge  German 

Silver  (30  per  cent)  single 
silk  resistance  wire  3,000 
ohms. 

Armature   coils    3  coils  each  of  No.  40  B.  &  S. 

gauge  black  enameled  mag- 
net wire — 2100  turns  2660 
ohms. 

Light  load  compensating  coil No.    36    B.    &    S.    gauge   black 

enameled  magnet  wire — 2100 
turns  450  ohms. 

Ampbres  of  Mbtbr    Diameter  of  Holes  in  Ampere  Turns 

Capacity        Terminal  Blocks  (in  Inches) 

Wire  Hole  Ins.  Hole  a-Wiie  3-Wire 

5  %  ^4  665  630 

10  JjJ  J^  700  600 

15  Ji  JfJ  660  '                        600 

25  ^  J^  675  600 

50  %i  %  600  600 

75  '  ^s  •'*s  900  900 

100  3  s  %  800  800 

150  Cable  leads  used  900  900 

200  Cable  leads  used  800  800 

300  Cable  leads  used  i  ,200  i  ,200 
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The  sijtos  of  this  meler  range  {rom  2.S  amperes  to  300  amperes,  in- 
clusive, for  100  volt,  200  volt  and  soo  volt,  two-wire  meters,  and  for  aoo 
volt,  three-wire  meters. 

This  meter  was  produced  in  1908  and  slight  modifications  in  mcchanini 
details  were  made  in  1 909. 

Type  SA 

The  development  of  the  Type   SA,  ahunted,  astatic,   coranratator 

type,  watt-hour  meter  has  liecn  made  possible  by  a  particular  desi^ 


Flc.    fiHi— Coliimb.a    Type    SA.     Shunted  ■  '~~ 

AiUilic.   Cuntinuuua    Cunenl    Wall-hour 
Mei<;i.  Fin  68j.^Moviim  Elemrot. 

of  the  motor  element.  As  in  all  commutator  type  meters  which  arc 
in  general  use  in  this  country,  the  series  current  passes  lhrou(;h  sta- 
tionary field  coils  and  the  potential  circuit  current,  throuRh  tht 
rotaliriK  armature,  but  the  shape  and  arrangement  of  the  coils  is 
quite  different  (FIr,  (»\). 

As  will  be  seen  from  Fig.  68^.  which  shows  a  Columbia  moving 
element  n-nuivcd  from  the  meter,  this  element  consists  of  a  sbafi 
carrying  ;it  ils  uii|n'r  cxlremily  a  pair  of  very  light  alltmimini  di^L* 
which  supiiorl  ihf  motor  ckment,  the  eonvtnlional  thick  ahtminum  ili-k. 
which  acts  as  damper  by  its  rotation  through  the  air  gaps  of  a  group 
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of  permanent  magnets,  being  located  near  the  lower  end  of  the  shaft. 
The  armature  windings  of  the  motor  element  are  a  group  of  six  cyl- 
indrical spools  arranged  between  the  two  upper  disks  close  to  the 
oentral  shaft  and  with  their  axes  parallel  thereto.  Extending  through 
each  spool  is  a  thin  strip  of  silicon  steel  with  its  ends  bent  out  at 
right  angles  so  as  to  extend  radially  along  the  lower  surface  of  the 
upper  and  the  upper  surface  of  the  lower  disk.  These  radial  exten- 
sions are  split  so  as  to  divide  the  flux  more  evenly  around  the  disk 
circumferences  and  serve  as  the  means  of  efficiently  carrying  that  flux 
right  into  the  interior  of  the  stationary  series  windings  located  so  as 
to  embrace  them.  The  material  of  which  the  magnetic  strip  is  made 
and  its  dimensions  are  such  as  to  make  hysteresis  and  eddy  current 
effects  negligible. 

The  torque  which  is  obtained  with  this  design  is  high,  the  standard 
instrument  at  120  volts  showing,  for  example,  about  170  millimeter-grams. 

The  field  ampere  turns,  at  rated  capacity,  is  240  ampere-turns  for 
both  two-  and  three-wire  meters. 

The  above  described  design  of  this  Columbia  watt-hour  meter  motor 
element  is  inherently  astatic.  This  astaticism  follows  because  the  con- 
nections of  the  series  coils  are  such  as  to  cause  the  magnetic  flux  to  flow 
through  each  element  of  a  pair  in  opposite  directions.  Consequently,  if 
there  is  a  stray  field  which  tends  to  strengthen  the  flux  through  the  one 
coil  of  the  pair,  that  same  field  acting  on  the  other  coil,  tends  to  weaken 
it  an  exactly  like  amount  with  the  obvious  net  result  of  leaving  the  total 
unchanged.  In  other  words,  this  meter  can  be  placed  in  magnetic  fields 
of  fluctuating,  or  steady,  value  without  having  its  accuracy  in  any  way 
impaired;  nor  can  these  fields  affect  the  strength  of  the  permanent  mag- 
nets within  whose  field  the  damper  disk  revolves,  as  these  magnets  are 
protected  by  a  heavy  soft-iron  shield. 

Cupped  diamonds  are  used  exclusively  for  the  lower  bearings. 

The  light  load  adjustments  for  this  meter  are  made  the  same  as  for 
the  Type  D  meter. 

All  standard  shunts  are  made  interchangeable  and  give  a  drop  of 
75  millivolts  with  meter  attached  to  the  shunt  terminals  and  full  load 
current  flowing.  Any  standard  shunt  of  a  given  capacity  may  thus  be 
used  with  any  standard  meter  of  like  capacity.  Further  than  this,  in 
the  larger  sizes — i.  e.,  upward  of  500  amperes,  any  standard  meter 
can  be  used  on  any  standard  shunt,  irrespective  of  capacity  and  will 
give  correct  indications  by  the  employment  of  a  simple  multiplying 
constant. 

Standard  meters  are  all  adjusted  so  as  to  require  exactly  5  amperes 
at  their  full  load  current. 
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The  standard  lead  length  is  5  feet,  and  a  pair  of  such  leads  is  sDf- 
plied  with  each  two-wire  meter  and  two  pairs  with  each  three-wire  meter. 

Each  shunt  has,  in  addition  to  the  main  terminals,  for  attachment  to 
the  bus-bars  or  cable  lugs,  and  the  studs  for  attachment  of  the  meter 
shunt  leads,  terminals  to  which  the  shunt  leads  of  an  indicating  instru- 
ment may  be  secured.  Manufacturers  of  indicating  instruments  will  sup- 
ply these  without  shunts,  adjusted  to  any  specified  drop,  so  that  but  z 
single  shunt  equipment  is  required. 

The  Standard,  Columbia,  shunted,  astatic,  switchboard  watt-hour  meter 
is  finished  in  the  rectangular  case  with  satin  finish  aluminum  base  anc 
beveled  glass  cover.  The  connections  are  invariably  in  the  rear — i.  e.. 
there  are  back  connection  studs  and  the  watt-hour  meter  is  designed  to 
be  secured  to  the  switchboard  by  similar  studs. 

The  sizes  range  from  5  to  20,000  amperes  inclusive  and  in  the  cus- 
tomary steps  of  rated  capacities  for  100/150  volt,  200/250  volt  and  500/600 
volt,  two-wire  meters,  and  also  for  200/250  volt,  three-wire  meters. 

This  type  of  meter  was  produced  in  1910. 

The  internal  connections  of  the  Columbia  continuous  current  watt- 
hour  meters  are  given  in  Figs.  683  and  684,  and  the  dimension  dia- 
grams in  Figs.  685  to  687. 


Internal  Connec-tion  Diagrams 
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Pig.  683. — Internal  Connections  for  Columbia,  Type  D,  Continuous  Current  "Watt-hour  Meters. 
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/»««»  ^119  Cof/fmcr  ro  ^^ar/vtcr  On  The  A*cjr.\ 
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Fig.   684.— Internal  Connections  of  Columbia.  Type  D.  Continuous  Current  Watt-hour  Meters 
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ExTEKNAL  Dimension  Diagrams 


Fic.  6»s.— Eitenial  Dimensions  of  Columbi*.  Type  D,  Watt-hour  Meters. 
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Fig.  686,— Eitenud  Dlmensiora  of  Cdumbia.  Type  D,  Watt-hour  Mel- 
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100- 150-  200  A  dOO  Aet^/ie    it/it». 


Pig.  687. — External  Dimensions  of  Columbia,  Type  D,  Watt-hour  Meters. 
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CoLUUBiA  Alternating  Current  Watt-Hour   Metehs 

The  Columbia  Type  C  alternating  current  watt-hour  meters  are  of 
the  induction  type,  and  accordingly  operate  on  the  induction  motor 
principle — that  is  lo  say,  all  windings  are  stationary  and  the  appa- 
ratus is  operative  through  currents  which  are  set  up  in  the  moving 
member  by  induction,  thus  obviating  all  c 
or  their  equivalent   (Fig.  688). 

To   induce    in    the    ro  tat  able    disk    the    < 
Columbia  wait-hour  meter  utilizes  a  pair  of  fine  v 


Type  CI.  Ipduclion  Watt-hour  Metei. 

are  connected  across  the  supply  line.  Elach  of  these  coils,  as  is  shown  in 
Fig,  689,  is  wound  on  a  laminated  sheet  steel  core  which  forms  a  small 
slot  at  the  bottom.  The  alternating  tlux  which  is  set  up.  by  the  alter- 
nating current  through  thi.s  potential  winding  passes  wholly  through  this 
laminated  path  except  that  where  it  is  interrupted  by  the  cross  slot  there 
is  naturally  a  leakage  of  some  of  the  flux  below  the  slot  edge.  As  is 
shown  in  Fig.  6go,  the  lower  face  of  the  rectangle,  which  is  the  one  that 
is  cut  through,  is  placed  parallel  to  and  just  above  the  aluminum  disk 
face  and  the  leakage  magnetic  flux  must  then  pass  through  the  latter.  In 
so  doing,  it  sets  up  the  desire'd  eddy  currents,  these  flowing  in  the  body 
of  the  disk.  While  but  a  small  percentage  of  the  total  flux  is  utilized 
in   this   manner,   the  currents   in   the   disk  arc   verv   powerful   because   of 
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the  extremely  low  resistance  of  their  path.  The  action  is  regarded  a.' 
efficient  because  the  fact  thai  the  winding  is  on  a  closed  iron  core  meam 
that  the  current  which  the  coils  draw  from  the  line  is  an  almost  wattles- 
one.  For  example,  in  the  standard  loo  volt  size,  the  two  poieniial  coil< 
together  draw  less  than  1%  watts.  Two  of  these  potential  circuit  de- 
ments are  in  each  meter  for  the  sake  of  symmetry  and  efficiency. 

Each  of  the  potential  circuit  elements  above  referred  to  has  co-actin; 
with  it  a  series  clement     This  takes  the  form  of  a  short  coi)   wotmd 


4^  Atiuninum  Dise- 


with  heavy  wire  capable  of  carrying  the  entire  current  with  which  the 
meter  may  be  loaded.  The  said  coil  is  mounted  on  a  short  laminaicil 
core  which  differs  from  the  core  for  ihc  potential  circuit  spools  in  thai 
it  K  not  closed  nn  il.'ielf,  but  instead  presents  an  exposed  end  to  the 
aluminum  disk.  An  alternating  magnetic  field  is  obviously  set  up  by  ihc 
current  through  tiie  scries  spools,  and  upon  this  field  the  currents  in- 
duced in  the  disk  by  the  potential  windings  evidently  react 

It   will,   of  course,  be  understood   that   this   description   of   the   way   in 

which   the   watt-hour   meter   works   must   not   be   taken   too   literally :   for 

example,    the   alternating    ftux    set    up   by    ihe   scries    windings    evidently 

_   has  just  as  much  of  a  tendency  to  induce  currents  in  the  aluminum  difk 
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as  the  similar  flux  from  the  potential  windings  and  the  actual  net  result 
is  that  the  meter  has  the  rotating  magnetic  field  characteristic  of  inter- 
acting currents  which  are  displaced  in  phase.  The  explanation  will, 
however,  serve  for  illustrative  purposes. 

The  position  of  the  series  excited  magnets  below  the  disk  is  some- 
what displaced  relative  to  that  of  the  potential  element  above,  so  that 
the  series-induced  currents  are  reacted  upon  in  the  potential-circuit  field 
and  the  potential-circuit  induced  currents  in  the  series  field,  this  disposi- 
tion assisting  in  giving  a  high  torque. 

The  arrangement  of  the  series  coil  is  likewise  shown  in  the  illus- 
tration of  Fig.  690,  above  named. 

As  long  as  there  is  some  difference  in  phase  between  the  alternat- 
ing magnetic  impulses  sent  out  by  the  potential  and  the  series  wind- 
ing circuits,  an  induction  meter  will  rotate  and  can  be  calibrated  to 
be  correct  on  a  load  having  any  given  power-factor.  If,  however,  the 
watt-hour  meter  is  to  be  correct  for  all  power-factors,  the  difference 
in  phase  between  the  said  magnetic  impulses  must  be  90  degrees  on 
a  non-inductive  load.  The  fact  that  the  potential  circuit  is  very 
highly  inductive  by  reason  of  its  being  wound  on  a  closed  iron  cir- 
cuit core  and  that  the  series  winding  carries  a  current  in  phase  with 
the  line  current  because  it  is  that  current,  of  itself  nearly  attains  the 
desired  end  in  that  the  phase  difference  between  the  two  is  thus 
nearly  90  degrees.  It  is  not  exactly  90  degrees,  however,  and  to 
increase  the  angle  to  that  value  necessitates  either  a  further  lagging 
of  the  phase  of  the  magnetic  impulses  due  to  the  potential  windings 
or  an  advancing  of  the  phase  of  the  magnetic  impulses  due  to  the 
series  windings.  The  latter  method  is  employed.  It  is  done  by 
shunting  the  series  spools  with  •another  circuit  which  is  wound  on 
a  closed  path  iron  core,  the  reaction  of  which  on  the  circuit  in  which 
the  series  coils  are  connected  advances  the  relative  time  of  occur- 
rence of  the  series  magnetic  impulses  in  the  desired  direction.  The 
extent  of  this  advancing  and  consequently  the  adjustment  of  an  exact 
90  degree  difference  between  the  series  and  potential  fluxes  is  accom- 
plished by  means  of  a  resistance  in  the  series  coil  circuits.  This  ad- 
justably controls  the  relative  flow  through  the  two  branches.  The 
said  resistance  is  illustrated  in  the  Fig.  690  just  referred  to  and  takes 
the  form  of  a  loop  of  resistance  wire  bent  into  an  elongated  U  shape 
and  with  a  short  circuiting  clamp  which  can  be  slid  along  it  to  vary 
the  amount  of  the  wire  which  is  actively  in  circuit. 

There  being  two  potential  elements  per  meter,  there  evidently  are 
two  series  ones  as  well,  so  that  they  may  properly  interact.     In  a 

f-urrk.-wiri*  ivatt-hniir  meti»r  these  two  series  elements  are  connected  in 


r 
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series,  whereas  in  a  three-wire  meter  each  is  connected  in  one  side  of 
the  line. 

The  moving  element  consists  of  a  disk  of  aluminum  mounted  on 
a  shaft  which  has  a  pivot  at  each  end  and  which  carries  a  short  worm 
which  transmits  the  revolutions  to  the  revolution  counter.  The  disk 
has  set  up  therein  the  turning  forces  which  are  above  described  and 
the  edge  opposite  to  this  point  of  application  of  motive  poiver  i* 
used  for  braking  purposes  by  having  it  pass  between  the  jaws  of 
conventional  meter  damper  magnets  of  tungsten  steel,  permanemlj 
magnetized. 

The  light  load  speed  adjustment  consists  of  the  specially  shaped 
soft  iron  punching  shown  in  place  above  the  laminated  core  of  the 
potential  element  in  Fig.  689.  By  means  of  the  knurled  head  screw 
which  is  likewise  there  illustrated,  this  punching  may  be  pushed  back- 
ward, or  forward,  micrometerwise,  thus  giving  a  variable  distortion 
to  the  potential  circuit  flux  acting  on  the  disk  and  so  effecting  the 
desired  end.  When  advanced  in  the  direction  of  rotation  of  the  disk 
the  light  load  compensation  is  increased  and  it  is  decreased  when  xht 
punching  is  oppositely  moved. 

The  full  load  speed  adjustment  is  accomplished  by  means  of  a  light 
iron  bridge  piece  which  can  be  slid  back  and  forth  just  as  the  light 
load  compensator  above  named  is  handled.  When  so  moved  the 
bridging  piece  diverts  a  greater  or  less  part  of  the  flux  from  the  per- 
manent magnets  which  would  otherwise  pass  through  the  disk  and 
in   that   way    it   regulates   the   damping   effect. 

The  inductive  load  adjustment,  as  before  stated,  takes  the  form 
of  a  heavy  clamp  which  when  slid  along  a  loop  of  resistance  wire 
varies  the  relative  amounts  of  current  which  flow  through  the  main 
series  coils  and  through  the  inductive  windings  of  the  compensator 
coils.  It  is.  like  the  light  load  and  full  load  speed  adjusters,  structu- 
rally independent  of  the  rest  of  the  meter  and  has  a  wide  range  and 
at  the  same  time  is  capable  of  close  graduation. 

The  general  conditions  which  will  cause  this  type  of  watt-hour 
meter  to  run  fast  are  aging  of  the  magnets,  or  carelessness  resulting 
in  not  tightening  the  full  load  adjustment  sufficiently  to  hold  it  in 
place. 

The  general  condition  which  will  cause  these  alternating  current 
watt-hour  meters  to  run  slow  is  the  development  of  friction  caused 
by  defective  jewels,  pivots,  dirty  upper  bearings,  or  bent  upper  pivots. 

In  accordance  with  standard  practice  the  rotations  of  the  shaft  of 

the  Columbia  watt-hour  meter  are  transmitted  to  the  registering  train 

kthrouffh  a  worm  on  the  shaft  which  drives  an  appropriately  located 


^ 


DESCRIPTIVE   DATA    ON    WATT-HOIJR   METERS       999 

^vo^m  wheel.  Instead  of  a  solid  and  inflexible  connection  between 
the  worm  wheel  and  the  gear  train,  an  oRset  of  an  arm  (orwardly 
projecting  from  the  worm  wheel  shaft  engages  with  the  offset  of  a 
similar  arm  on  the  train  shaft  which  faces  it  and  so  provides  for 
flexibility  of  drive.  If  it  is  at  any  time  desired  to  remove  the  train, 
this  can  be  done  by  slacking  ofl  two  screws  without  disturbing  the 
alignment  of  the  worm  and  its  worm  wheel,  and  without  necessitating 
any  particular  care  or  mechanical  skill  on  reassembling. 


Pic,  6(11.— InlemiJ  View  of  Columbis.  Type  CI.  Induttion  Walt  hour  Metti. 

The  dial  faces,  which  are  regularly  supplied,  are  those  shown  by 
the  illustration  in  Fig.  6gi.  that  is,  they  are  of  white  porcelain  with 
dials  printed  thereon  and  hands  rotating  over  these  as  in  a  gas  meter. 

For  those  who  prefer  it,  a  cyclometer  register  can  be  furnished,  in 
which  the  results  are  shown  directly  by  numerals  instead  of  indirectly 
by  the  position  of  different  dial  hands  relative  to  their  dials.  One  of 
them  is  shown  by  the  accompanying  illustration,  Fig.  680. 

This  watt-hour  meter  is  supplied  in  a  drawn  steel  base  member  and 
covered  with  a  pressed  aluminum  cap  in  which  there  is  a  large  clear 
glass  window  through  which  the  dials  and  the  rotating  disk  may  be 

^l,r».....l        Tk-    H.>eA    h^B    rlv^li")    th-i-Btn    thr^B    Inert      thp    niinpr    one 
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being  central  and  the  two  others  at  the  lower  corners.     The  finish 
is  all  black  enamel. 

Tables  in  Chapter  XV  give  the  watt-hour  gear  ratios,  constants 
and  test  formulas  for  this  type  of  meter  and  the  following  tabulation 
gives  additional   information. 

Speed  at  full  load 30  rev.  per  min. 

Torque  at  full  load 80  mm-g.  at  500  watts  (full  load) 

Weight  of  moving  element 30  g. 

Ratio  of  torque  to  weight 2.66 

Volts  drop  in  series  coil  at  full  load..o.i,  at  5  amperes. 
Watt  loss  in  series  coil  at  full  load... 0.5 

Watt  loss  in  potential  circuit 1.5 

Power-factor  of  potential  circuit 0.7 

Temperature  coefficient  per  degree  C.o.i% 

Continuous  overload  capacity.. ......  1.5  times  rated  capacity. 


Amperes  op 

Diameter 

OP  Holes  in 

Ampere  Turns 

Meter 

Terminal  Blocks  (in  Inches) 

60  and 

133  Cycle 

a-Wire 

Capacity 

Wire  Hole 

Ins.  Hole 

2- Wire 

3-Wiro 

5 

1^ 

%  . 

300 

300 

500 

10 

% 

Vi 

300 

320 

500 

15 

'S 

y% 

300 

360 

450 

25 

<^ 

y% 

300 

300 

500 

50 

% 

H 

300 

300 

75 

% 

Vi 

300 

300 

This  meter  is  manufactured  in  sizes  ranging  from  2%  amperes  to 
150  amperes,  inclusive,  for  100  volt,  200  volt  and  500  volt  polypha^; 
meters,  and  from  2^2  to  300  amperes,  inclusive,  for  100  volt  and  joo 
volt,  two-wire,  and  200  volt,  three-wire,  single-phase  meters. 

This  meter  was  produced  in  January,  1911. 

The  internal  connections  for  the  Columbia,  induction  watt-hoor 
meters  are  given  in  Fig.  692,  and  the  external  dimensions  in  Fig.  693 
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Internal  Connection  Diagrams 
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Pig.  692. — Internal  Connections  for  Columbia.  Type  CI,  Induction  Watt -hour  Meters. 
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CHAPTER   XVII 
Maximum  Load  Indicators 

The  production  of  electricity  differs  from  that  of  other  commod- 
ities in  that  the  supply  company  must  manufacture  its  product  only 
as  it  is  required,  since  it  cannot  be  commercially  stored.  The 
capacities  of  the  company's  plant  and  distributing  system  conse- 
quently will  be  determined  by  the  maximum  demand  which  will  be 
made  upon  them  at  any  one  time. 

The  cost  of  supplying  electrical  energy  from  a-  central  station  may  be 
separated  into  two  clearly  defined  groups: 

First — The  cost  of  getting  ready  to  supply  and  distribute  energy. 

Second — The  cost  of  continuing  the  actual  supply  of  energy. 

In  order  to  proportion  the  charges  to  different  consumers  accord- 
ing to  the  cost  of  supplying  them  under  both  of  these  divisions,  dif- 
ferential systems  of  rates  have  been  quite  generally .  adopted,  under 
which  it  is  necessary  to  measure,  in  addition  to  the  amount  of  elec- 
trical energy  supplied,  the  maximum  amount  used  at  any  one  time, 
in  order  to  obtain  the  equivalent  rate  of  supply,  or  the  load  factor. 

Numerous  expedients  have  been  adopted  for  fixing  a  consumer's 
maximum  load,  such  as  basing  it  on  a  percentage  of  the  connected 
load,  on  the  floor  area  of  the  space  illuminated,  or,  in  residences, 
on  the  number  of  rooms  lighted.  While  these  have  been  quite  sat- 
isfactory for  certain  classes  of  small  consumers,  an  actual  measure- 
ment of  the  individual  maxima  has  been  found  desirable  for  larger 
consumers. 

A  maximum  load  (demand)  indicator  is  an  instrument  which  leaves 
a  record  of  the  maximum  load,  which  has  existed  in  the  circuit. 
Such  meters  are  designed  not  to  indicate  instantaneous  values  of 
load,  but  rather  to  record  maximum  values  of  load  continuing  for 
a  definite  and  predetermined  time. 

There  are  several  types  of  instruments  which  may  be  used  for  this 
purpose : 

Ampere  Demand  Indicators. 

Watt  Demand  Indicators : 

Printing  attachments  to  Watt-hour  Meters. 

Graphic  Recording  Instruments. 
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An  important  consideration  in  connection  with  these  instnimems  i- 
the  time  lag  or  interval  during  which  the  maximum  is  averaged.  A  d; 
seription  of  several  devices  obtainahle  in  this  country  follows. 


V 


:.  59J.— Wiifihl  DemiTiil  lndi« 


The  Wright  Demand  Indicator  (Fig.  604)  is  a  de\ 
iiig  the  mrixinium  ainpcrc  demand  of  appreciable  dura 
trical   circuit.      It   may   be   used   on   eilht? 
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ourrent  circuits,  and  records  the  maximum  current  which  has  passed 
-through  it  at  any  time  since  it  was  last  set. 

It  is  purposely  designed  to  be  slow  acting.  If  the  maximum  load  lasts 
only  four  minutes,  the  indicator  will  record  approximately  90  per  cent 
of  the  maximum.  If  the  load  lasts  ten  minutes,  approximately  97  per 
cent  is  recorded,  and  if  the  load  continues  about  40  minutes,  the  full 
100  per  cent  is  recorded.  Momentary  overloads,  like  the  starting  current 
in  motors  and  arc  lamps,  or  short  circuits,  are  not  recorded. 

The  working  parts  are  enclosed  in  a  cast  iron  case  which  can  be  se- 
curely sealed  against  tampering  and  which  is  fitted  with  a  glass  front  so 
that  the  indicator  can  be  read  without  opening  the  hinged  cover. 

A  liquid  is  hermetically  sealed  in  a  glass  vessel  consisting  of  two  bulbs 
(Fig.  695)  connected  by  a"  U  "  tube,  and  a  central  tube  called  the  "In- 
dex "  tube  connected  to  the  upper  end  (Fig.  695)  of  the  right-hand  side 
of  the  "  U."  Around  the  left-hand  or  heating  bulb,  is  placed  a  band  of 
resistance  metal  through  which  is  passed  the  current  to  be  measured,  or 
a  definite  shunted  portion  of  it.  The  heating  effect  of  the  current  in- 
creases the  temperature  of  the  left-hand  bulb,  causing  the  air  to  expand 
which  forces  the  liquid  up  the  right-hand  side  of  the  "  U  "  tube  and  into 
the  "  index "  tube,  where  it  remains  until  the  indicator  is  reset.  The 
height  of  the  liquid  in  the  "  index  "  tube  as  shown  by  the  scale  indicates 
the  maximum  current  which  has  passed  through  the  indicator.  The 
liquid  in  the  "  U  "  tube  is  concentrated  sulphuric  acid  in  such  an  amount 
and  so  adjusted  that  when  the  indicator  is  cold  and  set  ready  to  begin  to 
operate,  the  level  of  the  liquid  is  just  at  the  point  of  overflow  into  the 
"  index  "  tube.  Sulphuric  acid  is  used  because  it  "  wets  "  the  glass,  is 
very  heavy,  flows  readily,  is  hygroscopic,  and  expands  comparatively  little 
with  rise  of  temperature. 

It  is  the  difference  in  temperature  of  the  air  in  the  two  bulbs  which 
causes  the  flow  of  the  liquid.  Any  change  in  external  temperature  causes 
equal  air  expansion  in  both  bulbs,  and  therefore  does  not  affect  the 
reading. 

The  glass  tube  is  mounted  on  a  suitable  hinged  support,  enabling  the 
indicator  to  be  reset  by  raising  the  tube  and  allowing  the  liquid  to  return 
to  its  original  position  in  the  "  U  "  tube.  To  prevent  accidental  transfer 
of  air  from  one  bulb  to  another  when  the  indicator  is  reset  each  arm 
of  the  tube  is  constricted  at  one  point  to  a  capillary  and  also  traps  are 
provided. 

The  terminals  which  are  located  in  the  top  of  the  case,  are  made  in 
the  form  of  a  horizontal  friction  hinge  holding  the  tube  support.  This 
friction  hinge  automatically  retains  the  tube  in  the  inverted  position  dur- 
ing the  period  of  resetting. 
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The  heating  bands  are  made  of  a  high  resistance  metal  with  zero 
temperature  coefficient  and  are  non-inductive.  In  capacities  as  high  as 
25  amperes,  the  entire  current  is  passed  through  the  heating  bands.  In 
indicators  of  larger  capacity,  the  heating  bands  are  connected  either  to 
internal  or  external  shunts.  The  heating  bands  are  so  designed  that  thcj 
will  clamp  firmly  about  the  heating  bulb,  irrespective  of  any  variatioi]> 
in  bulb  dimensions.  Inasmuch  as  the  heating  effect  increases  as  the 
square  of  the  current,  these  indicators  can  be  made  for  two-wire  circuits 
only,  and  on  a  three-wire  circuit,  one  must  be  installed  on  each  side  of 
the  circuit  (Fig.  696). 

The  scale  reads  directly  in  amperes,  and  may  have,  in  addition,  a  kilo- 
watt-hour scale  for  a  definite  potential  and  -interval  (Fig.  370).  The 
lowest  scale  reading  is  20  per  cent  of  the  rated  capacity  of  the  indi- 
cator which  has  been  found  to  be  practical  for  commercial  applica- 
tions. 

Wright  Demand  Indicators  of  all  capacities  from  5  to  150  amperes  in- 
clusive may  be  used  interchangeably  on  continuous  or  alternating  current 
circuits  of  any  frequency.  Indicators  of  200  amperes  capacity,  and  over, 
are  furnished  with  shunts  for  continuous  current  service,  and  with  cur- 
rent transformers  for  alternating  current  circuits. 

The  shunts  arc.  in  all  cases,  internal  except  in  connection  with  indi- 
cators of  800  amperes  and  over. 

Current  transformers  must  be  used  in  all  cases  on  alternating  current 
circuits  where  the  potential  exceeds  600  volts. 

The  Wright  Demand  Indicator  has  a  large  overload  capacity  so  that  it 
may  be  safely  operated  dn  loads  of  double  its  rated  capacity  without  in- 
jury. It  should  be  remembered,  however,  when  operating  at  its  rated 
current  the  index  tube  is  filled  in  40  minutes,  hence  an  overload  may 
quickly  fill  the  tube  and  render  an  accurate  record  impossible. 

This  device  is  manufactured  by  the  General  Electric  Company. 

External  dimensions  are  given  in  Figs.  697  and  698. 

The  Polyphase  Maximum  Watt  Demand  Indicator  is  suitable  for 
recording  the  maximum  load  on  alternating  current  circuits,  irrespective 
of  power-factor  and  voltage  fluctuations  (Fig.  699). 

The  Type  IV  device  is,  in  its  essential  elements,  a  Type  D3,  General 
Electric  polyphase  watt-hour  meter  with  both  electrical  elements  acting 
upon  the  top  disk,  and  a  very  strong  damping  system  acting  upon  the 
lower  disk  to  provide  the  necessary  time  lag.  The  rotating  element  !« 
controlled  and  opposed  by  three  phosphor-bronze  springs  connected  in  1 
series.  These  springs  permit  the  moving  element  to  make  three  complete  1 
revolutions  while  the  indicating  pointer  makes  a  single  revolution  hy 
means  of  a  3:1  ratio  of  gearing. 
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Fig.  696. — Connection   Diagram  for  WiiKht  Demand  Indicators, 

In  place  of  a  register,  there  is  provided  a  single  graduated  dial  and 
two  pointers,  one  of  which  indicates  the  energy  passing  through  the 
iriHirator  at  anv  time,  subiect  to  a  correction  due  to  the  time  lag.     Th 
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Fig.  697. — External  Dimensions  oi  Wrijrfs 
Demand  Indicators  for  Continuous  « 
Alternating  Current.  5  to  150  Ampeze 
Capacity. 
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Fig.  698. — External  Dimensions 
of  Wright  Demand  Indicators 
for  Continuous  Current  only, 
200  to  600  Amperes  Capacity. 
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other  pointer  is  driven  by  llie  first  and  is  left  at  the  maximum  position 
reached  by  it,  being  held  in  place  by  a  ratchet.  This  second  pointer 
indicates,  therefore,  the  maximum  energy  which  has  passed  through 
the  device  since  it  was  last  set.  A  thumb  nut,  which  may  be  sealed  to 
prevent  tamperiiig  by  unauthorized  persons,  is  used  to  reset  the  maxi- 
niuni  dtmand  pointer  to  the  zero  position.  The  torque  is  proportional 
to  the  energy  passing  through  the  device.  This,  in  connection  with  the 
spring  control,  gives  a  uniformly  divided   scale. 

The  Polyphase  Maximum  Watt  Demand  Indicator  is  rated  by  defining 
tlie  time  lag  as  the  interval  of  time  taken  to  record  90  per  cent  of  any 
change   in  load,   that  is,   if  the   rated  time   lag   is  five  minutes,   the  meter 


Pic.  b09.— General  Elccttic.  PiiLyphasc.  Maximum  Watt  Demnnd  Indicatcw. 

would  indicate  go  per  cent  of  the  load  which  was  impressed  on  it  for  five 
consecutive  minutes,  c.  g.,  if  100  kw.  were  impressed,  it  wonld  indicale 
90  kw.  in  five  niimues.  The  rcjisiin  for  defining  the  time  lag  as  shown 
above  is  that,  between  90  and  100  per  cent,  the  movenient  is  very  slow 
compared  with  the  speed  from  zero  In  go  per  cent.  The  length  of  time 
for  the  pointer  to  reach  its  maximum  position  is  governed  by  the  torque 
of  the  motor  elements  and  the  strength  of  the  damping  magnets.  By 
adjusting  these  parts,  it  is  possible  Id  gel  a  time  lag  at  90  per  cent  of  full 
scale,  varying  from  one  minute  lo  five  minutes.  It  is  also  possible  by 
adjusting  the  dampening  magnets  to  change  the  time  lag  of  an  indicator 
liaving  a  definite  rated  time  lag  by  from  ten  lo  fifteen  per  cent. 

The  Type   ir   Polyphase   Maxinuun   Demand   Indicators  are  made   self- 
contained    in    eauaeilic   of    from    2^    to 
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except    four-wire,   three-phase   indicators   which    are   not   made    self-con 
tained    in    current    capacities    above    25    amperes.     With    instruments    01 
greater  capacity,  current  and  potential  transformers  are  used. 

This  indicator  is  side-connected  and  is  furnished  with  an  all-meui 
cover  in  black  japan.  It  is  manufactured  by  the  General  Electric  Con 
pany. 

The  Printometer  is  an  instrument  for  use  with  watt-hour  meters. 
printing  in  plain  figures  on  a  continuous  paper  tape  the  consumption 
during  every  interval  as  registered  on  the  meter  with  which  it  is 
used.  It  prints  the  time  in  a  column  parallel  to  that  showing  the 
consumption,  thus  giving  also  the  time  of  day  when  the  energy  wa* 
consumed. 

The  device  consists  primarily  of  a  set  of  cyclometer  type  wheels,  which 
are  electrically  interdriven  by  the  armature  of  a  solenoid,  energized 
through  the  medium  of  an  electric  contact  placed  on  the  register  of  any 
meter.  These  wheels  are  moved  forward  at  a  rate  which  is  propor- 
tional to  that  of  the  flow  of  energy  through  the  watt-hour  meter, 
and  will,  therefore,  at  any  instant  give  an  indication  which  is  equi\Ti- 
lent  to  the  reading  of  the  register.  Through  the  agency  of  a  rubber 
platen  and  copying  ribbon  this  reading  is  printed  on  a  paper  tape 
When  the  platen  is  actuated  by  an  electric  solenoid,  whose  circuit  is 
closed  at  regularly  recurring  intervals  by  means  of  a  contact  making 
clock,  there  is  obtained  a  tape  which  has  printed  upon  it  a  reading 
equivalent  to  the  reading  of  the  wait-hour  meter  at  the  end  of  each 
interval. 

The  device  is  not  in  any  sense  of  the  word  an  integrating  meter,  but 
is  an  automatic  recording  mechanism  which  is  connected  to  any  integrat- 
ing type  of  meter. 

The  particular  uses  of  the  devices  are: 

First — Obtaining  the  Maximum  Demand. 

Second — Determining  Load  Factor. 

Third — Determining  Diversity  Factor. 

Fourth — Determining  the  Use  of  OflF  Peak   Power. 

Fifth — Determining  the   Use   of   Breakdown    Service. 

Sixth — Complaint  Work. 

Seventh — Special  Tests  of  Power  Conditions. 

The  cut  of  Type  SC  Printometer  shown  in  Fig.  700,  will  serve  to 
'^how  the  various  mechairical  and  electrical  parts  of  the  device.  The  cy- 
clometer coil,  .shown  at  J.  is  energized  from  the  line  through  the  agenc\ 
of  the  contact-making  commutator  placed  on  one  of  the  spindles  of  the 
recording  train  of  the  watt -hour  meter,  and  is  actuated  at  a  rate  propor- 
tional to  the  cntrgy  ])assing  through  the  meter.     The  forward  motion  oi 
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the  core  contained  within  this  solenoid  moves  forward  progrtssivcly  a 
set  of  three  cyclometer  type  wheels,  shown  in  more  detail  at  T,  Fig. 
701.    The  energization  of  this  cyclometer  coil  is  obtained  inthefollow- 


PlG.  700.— Piinlonwtei,   Type   SC, 

iti  order  to  prevent  the  continuous  flow  of  current  through 
Should  the  meter  happen  to  slop  while  the  contact  on  the 
closed,  the  coil  would  remain  continuously  across  the  line, 
time  be  burned  out.     A  special  type  of  circuit  is  used,  which 


Piq.  TOi.— Panly  Assembled  PrintomMer.  Showing  Typo  Wheels, 

causes  the  current  to  flow  only  a  length  of  time  necessary  lo  allow  the 
plunger  to  reach  the  end  of  its  stroke.  It  also  accomplishes  the  reduc- 
tion o£  current  consumption  to  a  minimum.  This  is  effected  in  the  fol- 
lawincc  manner:  A  commutator  A.  placed  on  the  watt-hour  meter  registe 
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Fig.  702.  consists  of  a  slip  ring,  wliicli  has  caimcctcd  to  it  various  num- 
bers of  bars,  depending  upon  the  eonslant  used  with  the  attachment. 
Three  contact  brushes,  one  bearing  upon  the  slip  ring,  and  the  other  two 
placed  diametrically  opposite  each  other  in  the  path  of  the  bars,  alter- 
nately close  the  circuit  through  the  cj-clometer  solenoid.  As 
of  this  solenoid  is  moved  forward,  it  revolves,  through  a  part  of  the 


Pic.  701— Register  Conlacl  Device. 

lution,  a  contact  wheel  whifh  has  alternate  segments  of  cimdinrtinK  and 
insulating  materials,  llie  ciiuilucling  segments  being  comiected  to  a  slip 
ring.  This  wheel  also  has  three  brushes,  one  Ivcing  iu  contact  with  the 
slip  ring,  and  the  other  two  so  arranged  that  one  will  be  resting  upinn 
conducting,  and  the  other  upon  insulating  material,  as  shown  in  Fig. 
703.  This  contact  wheel  constitutes  a  second  series  break  in  the  circuit 


Flo.  ;oj.— Del:iil  of  Type  HC  Printometcr. 

of  the  cyclometer  soleuoiil.  When  the  contact  commutator  rotates  into 
such  a  position  that  the  circuit  with  one  of  the  brushes  is  closed,  the  core 
of  the  solenoid  will  be  drawn  forward,  at  the  same  time  rotating  the 
intact  wheel.  When  the  armature  has  reached  the  end  of  its  stroke,  the 
'act  wheel  brush  which  was  formerly  resting  upon  a  conducting  seg- 
,   will   be   transferred   lo   an    insulatins   segment,   thus   breakinR   the 
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circuit  and  allowing  the  armature  to  return  to  its  former  position.  This 
cycle  of  operations  causes  the  circuit  of  the  solenoid  to  be  closed  by  the 
contact  commulalor  and  opened  by  the  quick  moving  contact  wheel,  thus 
restricting  all  arcinu  of  the  contacts  to  the  more  rugged  pari  of  the 
instrument  and  giving  an  equivalent  of  the  snap  break,  as  shown  in 
Fig.   703- 

The  printing  solenoid,  shown  at  B,  Fig.  700,  is  connected  to  the  line 
through  a  series  break  in  the  contact-making  clock,  and  is  energized  for 
a  period  of  approximately  one-third  of  a  .second  at  recurring  intervals, 
such  as  lificen  minutes,  one  half  hour,  or  one  hour.  The  core  of  this 
solenoid  carries  at  its  upper  end  a  rubber  platen,  shown  at  C  Fig.  700, 
which  is  used  to  force  the  paper  tape  D  and  copying  ribbon  E  against 
the   type   wheels  to  form  the  print.     Upon  the  downward  stroke  of  this 


Pre.  7U4.— SUle  View  of  Typf  SC  Printomeler. 

core,  a  lever  /'  is  used  to  revolve,  through  one-twelfth  of  the  circtimfer- 
ence,  a  ratchet  mounted  on  the  shaft  G,  which  also  carries  the  pin  wheel 
H  and  gear  /.  This  motion  is  transmitted  through  the  gear  K  to  the 
re-wind  paper  drum  L,  which  advances  the  paper  tape  approximately 
^-inch,  a  fresh  supply  being  obtained  from  the  right-hand  roll  M,  and 
at  the  same  time  a  phiion  mounted  upon  the  shaft  G,  meshing  with  the 
gear  JV,  advances  the  copying  ribbon  approximately  h  inch.  The  pin 
wheel  mounted  upon  the  shaft  G  has  twelve  pins  meshed  with  the  star 
wheel  O,  which  in  turn  controls  the  motion  of  the  hour  wheel,  shown  in 
rnore  detail  at  A',  Fig.  704.  .\  nointer  /'  is  mounted  directly  on  the 
shaft  of  the  hour  wheel,  and  indicates  the  particular  number  which  is 
ready  to  print. 

'All  parts  of  the  dtvice  are  mmiiitud  upon  a  Irnse  plate  (J.  which  in  turn 
is  mounted  within  a  cast-iron  iia^e.     The  glass  cover  ft,  held  in  place  by 
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a  center  thumb  nut  S.  and  coming  into  contact  with  a  felt  washer  T,  pro- 
lecls  the  instrument  from  dust  and  fumes  and  allows  inspection  without 
removing  the  seal,  which  is  passed  through  the  ihunib  nut  S  and  the  stud 

The  contact-making  clock  is  contained  within  a  glass  cover  and 
mounted  upon  a  base  exactly  like  those  of  the  Printomeler.  The  contact 
feature  of  the  movement  is  entirely  separated  from  the  liming  element. 
each  one  being  driven  by  entirely  separate  mainsprings.  Mounted  upon 
the  center  spindle.  Fig,  705,  of  the  time  element,  this  center  spindle  cor- 
responding with  the  minute  hand  of  the' clock,  is  a  cam,  B,  with  various 
numbers  of  points,  as  at  C,  depending  upon   the  particular  contact  inter- 


70s.— Contact  Halting  Clock  and  Details. 

elve  for  a  tivc-minute  and  two  for  a  thirty-minute 
interval.     This  cam,  as  it  revolves,  trips  off,  through  a  lever  mechanism, 
an  escapement  on  the  spring  and  gearing  of  the  contact  element.    At  each 
tripping,  a  spindle  contained  within  ihi.s  train  is  allowed  to  revolve  ex- 
actly one  revolution,  and  is  then  locked  in  position.     During  a  part  of 
this  revolution,  a  short  circuiting  ring,  E.  makes  contact  with  two  brushes, 
F  and  G,  which  constitute  a  scries  break  in  the  circuit.     Before  the  end 
of  the  revolution,  these  brushes  drop  off  of  a  projection  of  the  contact 
ring,  H,  and  break  the  circuit.    The  length  of  duration  of  contact  is  regu- 
lated by  the  area  of  the  retarding  fan,  J,  contained  within  the  instrument. 
Each  device,  when  shipped,  is  set  for  a  definite  lime  interval,  and  can- 
',  be  changed  except  by  removing  the  cam  upon  the  center  spindle  and 
'acing  it  with  one  with  the  proper  number  of  points.     Any  contact 
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making  clock  may  be  used  upon  any  voltage,  or  current,  there  being  no 
coils  or  other  connections  except  the  mechanical  closure,  and  opening  of 
the  circuit.  The  clock  furnished  is  an  eight-day  key-wind  timepiece,  it 
being  necessary  to  wind  both  springs  each  week.  It  may  be  set  forward, 
similar  to  any  other  timepiece  without  interfering  in  any  way  with  the 
contact  device. 

The  electrically  operated  switch,  an  auxiliary  appliance,  is  always 
used  when  two,  or  more,  Prinometers  are  to  be  operated  simultaneously 
from  one  contact-making  clock.  This  is  nothing  more  or  less  than  a 
relay  for  carrying  and  breaking,  the  larger  current  required  by  a  greater 
number  of  instruments.  It  is  furnished  with  a  coil  similar  to  that  used 
for  the  printing  mechanism  of  the  Printometer  and  will  be  furnished  for 
any  standard  voltage. 

The  standard  voltages  and  currents  used  in  these  instruments  are: 

Voltages  Printing  Coils  Cyclometer  Coils 

iio  v.,  6q  cycles i.S  amperes  0.3  amperes 

no  v.,  continuous    current 0.7        "  o.i        *' 

220  v.,  60  cycles   i  .0        "  o.  i        " 

18  v.,  Battery    55        "  10 


A  complete  single  installation  of  the  device  comprises: 

I  Printometer, 

I  contact-making  clock, 

1  contact  device  applied  to  watt-hour  meter  register   (Fig.  706). 

For  a  multiple  installation  of  two  or  more  attachments,  the  required 
apparatus  will  consists  of: 

2  or  more  Printometers, 
I  contact-making  clock, 

1  electrically  operated  switch, 

2  or  more  contact  devices  applied  to  two,  or  more,  watt-hour 

meter  registers  (Fig.  707). 

The  above  description  applies  particularly  to  the  present  form  of  the 
instrument,  and  a  description  of  the  previous  types  therefore  follows: 

The  Type  A  Printometer,  formerly  known  as  the  Chicago  Printing  At- 
tachment, was  designed  primarily  for  a  General  Electric  Company's  IS-2 
watt-hour  meter,  and  was  directly  connected  to  the  meter.  It  was  pro- 
duced during  the  period  from  1908  to  1909.  It  contains  five  type  wheels 
geared  together  in  ratios  of  one  to  ten,  the  first,  most  rapidly  moving, 
wheel  being  geared  to  the  moving  clement.     This  instrument   was   con- 
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structed  for  operation  at  intervals  of  one  hour  and  cannot  be  chan^^ 
The  paper  is  slowly  advanced  by  means  of  a  clock  contained  within  tbr 
case,  the  same  clock  being  used  to  close  the  circuit  of  the  printing  oobi 
which  makes  the  impression  through  the  agency  of  a  rubber  platen 
copying  ribbon. 


Pig.  706. — Diagram  of  Connections  for  Single  Installation  of  Printomeier. 

The  somewhat  later  form  of  the  Type  A  device  has  the  clock  mounteii 
in  a  separate  case  without  the  meter,  which  merely  closes  the  circuit  of 
the  printing  solenoid.  Upon  the  downward  stroke  of  the  plunger  the 
paper  is  advanced  through  the  agency  of  a  ratchet  and  pawl. 


Pig.  707. — Diagram  of  Connections  for  Multiple  Installation  of  Printometer. 


The  Type  B  device  was  designed  to  be  used  with  both  General  Electric 
Company's  and  Fort  Wayne  Electric  Company's  watt-hour  meters,  and 
can  he  adjusted  for  various  time  intervals,  such  as  five,  ten.  fifteen,  thirty 
minutes,  and   one  hour.     This   is   accomplished  by   changing   the   contact 
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interval  of  the  clock  by  an  adjustable  arrangement  of  pins  in  the  pin 
i^heel  which  advances  the  hour  wheel.  In  all  other  respects  it  is  exactly 
similar  to  the  second  form  of  Type  A.  This  form  of  Printomcter  con- 
tains four  type  wheels  and  one  hour  wheel.  This  type  was  produced  dur- 
ing the  period  from  1909  to  1910. 

The  Type  C  device  was  radically  different  from  the  former,   in  that 
the   cyclometer  type  wheels   were  electrically  connected   to   the   register 
instead  of  being  geared  directly  to  the  moving  element  of  the  watt-hour 
meter.    Thus  the  original  register  was  left  on  the  meter  and  could  be 
read  if  desired.    The  special  form  of  circuit  employed  in  the  later  forms 
of  Printometers  is  used  to  energize  a  solenoid,   the  armature  of  which 
moves  forward,  progressively,  the  type  wheels — thus  keeping  this  reading 
of   the  type  wheels  equivalent   to  that  of  the   watt-hour  meter   register. 
This  device  requires  for  its  attachment  no  alterations  in  the  mechanism 
of  the  watt-hour  meter,  and  keeps  intact  the  meter*s  dial  face,  thus  al- 
lowing both  visual  and  printed  records  to  be  taken.    The  connection  to 
the  Printometer  is  maintained  through  a  contact  commutator  placed  on 
one  of  the  spindles  of  the  watt-hour  meter  register.    The  Printometer  is 
contained  in  a  separate  case,  which  can  be  mounted  at  any  distance  from 
the  watt-hour  meter  with   which   it   is   connected.     The   contact-making 
clock,  as  in  the  Type  B  device,  is  separate  from  both  watt-hour  meter 
and   attachment,   and   simply   closes   the   circuit   of  the   printing   coil    at 
regular  intervals.    An  adjustable  time  interval  arrangement,   as  used  in 
the  Type  B  attachment,  is  also  employed  in  the  Type  C.    This  form  of 
printometer  contains  five  type  wheels  and  one  hour  wheel. 

The  above  described  types  are  now  quite  obsolete  and  some  of  the  later 
designs  will  now  be  described. 

The  Type  5"  and  Type  SC  devices  arc  in  all  essential  principles  exactly 
like  the  former  Type  C,  the  only  differences  being  in  details  of  design 
and  construction.  These  types  were  produced  during  the  period  from 
191 1  to  date.  The  instrument  is  contained  within  a  glass  cover,  to  allow 
visual  inspection  and  reading  of  the  record  without  unsealing.  The  type 
wheels  have  been  reduced  in  number  from  five  to  three  (Fig.  708). 
The  difference  between  Type  S  and  Type  SC  Printometers  lies  simply 
in  the  form  of  connections,  the  Type  .S'  being  front  connected  and  the 
Type  SC  being  back  connected,  or  switchboard  form.  Terminal  and 
holding  studs  for  panels  from  iVs  to  2 '/a  inches  thick  arc  furnished. 

The  Type  P,  or  portable  Printometer  consists  of  one  Type  SC  attach- 
ment and  one  five  minute  interval  contact  making  clock,  mounted 
in  an  oak  carrying  case,  and  comprises  a  complete  installation  when 
used  in  conjunction  with  watt-hour  meter  registers  equipped   with   con- 
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tact-making  commutators.    This  type  was  produced  during  the  period 
from  1911  to  date  (Fig.  7<xi). 

This  instrument  is  made  in  Iwo  different  forms,  known  as  Type  PL 
and  Type  Pfi,  the  difference  being  only  in  the  source  of  power  utilized. 
Type  PL  is  arranged  for  operation  directly  from  the  line,  and,  by  means  . 
bl  a  compound  wound  coil,  may  be  operated  by  110  volts  alternating  cur- 
rent, 110  volts  continuous  current,  and  220  volts  allernaling  current. 
Type  PB  is  wound  for  18  volts  continuous  current,  and  shoQld  be  uswl 
with  a  battery  of  twelve   dry   cells,   which   is   furnished   with   the   instru- 


Pic.  7»».— -PrinltBiieter,  T/p«  S.  Fig.  J09.— Piintometcr.  Type  P,  Pciriatje. 

mcnt.  This  battery,  under  normal  operation,,  will  give  satisfactory 
service   for  approximately  one  tnonth's  continuous  running. 

The  Printomcter  is  nothing  more  than  an  automatic  recording  mechan- 
ism which  receives  impressions  from  the  watt-hour  meter.  In  testing 
watt-hour  meters  with  this  attachment,  therefore,  the  testing  instructions 
and  formulas  given  in  Chapter  VII  and  Chapter  XVI  may  be  applied. 

There  arc  two  variables  in  the  device  and  its  auxiliaries  which  should 

be  calibrated:  first,  the  watt-hour  meter  with  which  the  Printometer  is 

u-.ed,  and  second,  the  constant  to  he  used  with  the  tape  readings  in  order 

to   convert   them   lo  kilowatt-hours   or  proper   units.      The   calibration   of 

^ '' :■  watt-hour  meter  !«hould  be  performed   with   the  contact   making  com- 

Intor   in  place  nn  the  register.     Under  normal   conditions  this  attach- 
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ment  will  not  affect  the  action  of  the  watt-hour  meter,  since  the  friction 
introduced  should  be  negligible,  but  in  extreme  cases,  with  very  high 
speed  commutators,  it  is  possible  that  on  5  per  cent  load  the  watt-hour 
meter  may  run  a  maximum  of  4  per  cent  slow.  This  should  then  be 
compensated  for  by  the  light  load  adjustment. 

The  multiplier  M,  is  always  marked  upon  the  dial  face  above  the  dials 
of  the  watt-hour  meter  register  which  is  equipped  with  the  commutator, 
and  checking  of  this  value  can  be  accomplished.  An  approximate  check 
can  be  made  by  operating  the  watt-hour  meter  at  full  load  for  a  given 
period  of  time,  with  the  Printometer  electrically  interlocked  with  the 
watt-hour  meter  register.  The  number  of  kilowatt-hours  which  have 
passed  through  the  watt-hour  meter  during  the  interval,  divided  by  the 


Pig.  710. — Dimensions  of  Type  SC  Printometer. 

increment  in  the  reading  of  the  Printometer,  will  give  the  value  of  the 
multiplier. 

A  more  accurate  check  may  be  made  by  determining  the  number  of 
revolutions  of  the  moving  element  of  the  watt-hour  meter  necessary  to 
bring  up  each  number  on  the  lowest  cyclometer  wheel.  This  number 
multiplied  by  the  watt-hour  constant  of  the  watt-hour  meter  and  by 
1,000,  gives  the  multiplier  M. 

This  device  is  manufactured  by  the  Chicago  Electric  Meter  Com- 
pany. 

Dimensions  of  the  Type  SC  printometer  are  given  in  Fig.  710. 

There  are  two  general  forms  of  maximum  load  indicating  devices 
manufactured  by  The  Chicago  Electric  Meter  Company,  for  connection 
to  watt-hour  meters.  They  are,  first,  the  Maxicator,  which  is  a  combina- 
tion of  maximum  load  indicating  register  and  watt-hour  meter  register, 
which  takes  the  place  of  the  original  mechanism  on  the  meter,  and  sec- 
ond, the  Universal  Maxometer,  which  is  a  maximum  load  indicating  de- 
vice, electrically  connected  to  any  watt-hour  meter.  


I022  ELECTRICAL   METERMAN'S   HANDBOOK 

The  Maxicator  consists  of  four  dials  like  tliose  of  the  watt-hour  n 
for  showing  the  total  consumption,  and  in  addition  a  fifth  dial  of  large 
diameter,  which  is  used  for  indicating  directly  the  maximuin  demand  a 
kilowatts,  dnring  any  half<hour  interval.  The  time  interval  of  one 
hour  is  obtained  by  means  of  a  contact-making  motor,  mounted  withon 
the  meter  and  connected  to  the  Maxicator  proper  by  two  wires  passing 
through  the  watt-hour  meter  case.  This  device  consists  of  a  single-phist. 
self -starling,  induction  motor,  which  operates  a  contact  mechanise 
through  a  train  of  reduction  gearing.  This  contact  energizes  the  solenpid 
contained  within  the  Maxicator,  which  performs  (he  operation  of  i 
setting   (Fig,   711). 


Fig.  711.— ContaFt-Making  Motor  of  Maiicator. 

Fig.  7\2  shows  a  front  view  of  one  particular  type  of  Maxicator,  The 
fiiur  dials  and  dial  hands,  A,  are  those  giving  the  register  reading  and 
art  like  (he  dials  and  dial  hands  of  the  ordinary  watt-hour  meter  register. 
The  llfth  dial  hand,  B,  is  the  maximum  load  indicator,  recording  or  tin 
larger  external  scale,  C.  As  shown  in  Fig.  713,  this  dial  hand  is  not  con- 
nected directly  in  the  train  of  gears,  but  is  merely  held  in  place  on  tht 
scale,  C,  by  means  of  a  leaf  spring,  D.  A  driving  dog,  K,  when  engaged 
with  the  tirst  dial  hand  will  revolve  the  large  dial  hand  at  a  rate  direcllj 
proportional  to  the  consumption  of  energy  passing  through  the  watt-hour 
meter  as  though  it  were  a  part  of  the  recording  train.  Such  driving  will 
he  continued  until  the  end  of  the  half-hour  interval  when  the  solenoid 
will  lie  cnergi/cd  by  me.ins  of  a  con  tact -making  motor,  and  the  core,  A. 
will  Iw  instantly  moved  upward  to  its  .seated  position.  This  action 
__wi1l  move  upward  a  rack  mounted  upon  a  spindle,  and  cpnnccled  to  tbc 
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screw,  B,  Fig.  713,  revolving  the  pinion  and  ratchet,  D,  backward  to  a 
definite  zero  position.  The  driving  dog.  K,  being  directly  coniiecled  10 
this  ratchet,  is  also  revolved  back  to  zero  position,  thus  opening  the 
mechanical  connection  between  the  dial  train  and  the  dial  hand,  B.  The 
dog,  K,  will  again  be  revolved  by  the  watt-hour  meter,  which,  through 
the  gear  mechanism,  will  revolve  Ihe  dial  hand.  B.  There  will,  how- 
ever, be  no  driving  upon  the  friction  dial  hand,  B,  unless  the  con- 
sumption of  energy  for  this  interval  is  greater  than  that  of  the  pre- 
ceding. If  it  is  greater,  the  dial  hand  is  picked  up  and  carried  to  some 
advanced  position,  IE  the  consumption  is  less,  however,  the  driving 
dog.  K,  will  not  reach  the  dial   hand.   B.  before  the  end   of  the   interval 


Fig.  7ia.— Prant  Viev  of  Maxicitoi.  PlG,  )I3.— Beat  Viewof  MMicslor. 

and  will,  therefore,  be  returned  to  the  zero  position  without  increasing  the 
indication  of  the  Maxicator.  h  will,  therefore,  be  seen  that  the  friction 
dial  hand,  B,  will  indicate  the  maximum  consumption  obtained  during  any 
half-hour  interval.  The  Maxicator,  by  means  of  a  falling  weight  escape- 
ment, entirely  relieves  the  wait-hour  meter  of  the  work  of  driving  the 
recording  mechanism.  The  core,  A,  Fig.  713,  of  the  solenoid,  acting 
through  a  rack  and  pinion  when  falling,  has  sufficient  power  to  drive  the 
friction  of  the  gearing  and  friction  dial  hand,  and  therefore  the  tendency 
of  the  dog.  K,  is  to  rotate  in  a  forward  direction  at  a  high  speed, 
which  would,  if  unrestrained,  drive  the  watt-hour  meter  moving  element. 
The  worm  and  worm  wheel  of  the  recording  mechanism  act  as  an  es- 
capement on  this  falling  weight,  since  it  is  impossible  to  drive  the  worm 
of  the  watt-hour  meter  through  Ihe  worm  wheel.  It  may,  therefore,  be 
seen  that  the  speed  of  the  falling  weight  will  be  dependent  upon  the 
speed  of  the  watt-hour  meter  moving  element.     By  this  fnnn  of  constriu'- 
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tion  practically  all  friction  is  removed  from  the  watt-hour  mechaniss: 
actual  test  showing  that  many  types  of  meters  will  operate  one  per  exit 
faster  with  the  Maxicator  in  place  than  with  no  watt-hour  meter  register 
installed. 

The  Maxicator  is  manufactured  in  three  distinct  types,  known  as  Type 
G,  for  General  Electric  watt-hour  meters,  Type  IV,  for  Westinghonsi 
watt-hour  meters,  and  Type  F,  for  Fort  Wayne  watt-hour  meters.  Tlk 
mechanisms  of  these  various  forms  are  exactly  similar,  the  only  differ- 
ence being  found  in  the  shape  of  the  dial  face  mounting  plates,  in  order 
to  conform  to  the  requirements  of  the  various  types  of  meters.  The  thr« 
types  of  Maxicators  are  designed  especially  for  five  ampere,  220  volt,  sin- 
gle and  polyphase,  watt-hour  meters. 

.  For  larger  capacities,  potential  and  current  transformers  may  be  used. 
or  larger  watt-hour  meters  with  a  register  constant  applied  to  the  registe- 
reading.  The  Maxicator  may  be  used  upon  continuous  current  watt-hour 
meters,  by  employing  a  suitable  register  constant. 

Since  the  Maxicator  is  a  device  which  virtually  replaces  the  regij^tcr 
of  the  watt -hour  meter  upon  which  it  is  used,  the  only  calibration  re- 
quired is  that  of  the  watt-hour  meter  itself,  with  the  Maxicator  installed 
This  calibration  may  be  performed  by  any  of  the  approved  methods  given 
in  Chapters  VII,  VIII  and  XVI. 

The  Universal  Maxometer  is  mounted  entirely  without  the  watt- 
hour  meter  to  which  it  is  connected,  and  consists  simply  of  a  maximum 
load  indicating  dial  hand,  electrically  interlocked  with  the  register  of  the 
watt-hour  meter.  The  electrical  connection  is  obtained  through  the  use  of 
the  contact-making  commutator,  mounted  upon  one  of  the  spindles  of  the 
dial  train,  which  closes  the  circuit  of  the  solenoid  and  operates  the  ratchet 
and  pawl  mechanism  within  the  Maxometer.  Mounted  in  the  same  case 
is  either  a  single-phase,  self-starting,  induction  motor,  a  continuous  cur- 
rent motor,  or  an  electrically  wound  clock,  which  operates  the  reset- 
ting mechanism  through  a  train  of  reduction  gearing. 

The  dial  is  calibrated  to  read  the  maximum  load  in  kilowatts,  either 
with,  or  without,  a  register  constant,  depending  upon  the  capacity  of  tht 
watt-hour  meter. 

A  cyclometer  mechanism  exactly  like  that  used  in  the  Printometer  is 
employed,  in  this  device,  for  driving  forward  the  indicating  dial  hand.  A 
contact-making  commutator  mounted  upon  one  of  the  spindles  of  the 
watt-hour  meter  dial  train  operates  a  coil  contained  within  the  Maxo- 
meter. The  core  of  this  solenoid,  through  a  ratchet  and  pawl  mechanism 
revolves  the  driving  dog,  step  by  step.  This  engages  with  a  second  dog. 
mounted  upon  a  spindle  of  the  friction  dial  hand,  and  advances  it  at  ihi* 
same  rate.     As  the  driving  dial  hand  revolves,  a  helical  spring  mounted 
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upon  this  shaft  is  slowly  wound  up.  In  alternating  current  installations 
a  single-phase,  self-starting,  induction  motor,  and  in  continuous  current 
installations,  a  continuous  current  motor,  or  an  electrically  wound  clock, 
lifts  through  the  reduction  gearing,  a  weight  which  at  the  end  of  a  half- 
hour  interval  falls  and  releases  the  mechanism,  holding  the  driving  dog 
in  place  against  the  tension  of  its  set-back  spring.  The  dog  is  then  re- 
volved at  a  high  velocity  to  zero,  and  at  the  end  of  its  stroke,  a  pin,  by 
striking  against  the  lever  of  the  release  mechanism,  re-engages  the  train, 
thus  allowing  it  to  travel  forward  as  before.  The  friction  dial  hand, 
however,  is  not  in  any  way  affected  by  the  set-back.  It  will,  therefore, 
be  seen  that  the  frictioft  dial  hand  at  the  end  of  a  week  or  month 
will  indicate  the  maximum  position  reached  by  the  driving  dial  hand. 
This  will,  of  course,  be  the  maximum  demand,  or  load. 

An  approximate  calibration  of  the  Universal  Maxometer  may  be  ob- 
tained by  operating  the  watt-hour  meter  at  full  load  for  a  length  of  time, 
such  as  a  half  hour,  with  the  Maxometer  electrically  interlocked  with 
the  watt-hour  meter  register.  The  number  of  kilowatt-hours,  which  have 
passed  through  the  watt-hour  meter  during  the  interval,  divided  by  the 
reading  of  the  Maxometer  dial  should  give  the  multiplier,  M,  which  is 
marked  on  the  dial  face.  The  multiplier  may  be  accurately  checked  by 
determining  the  number  of  units  of  consumption  as  recorded  on  the  dial 
for  one  revolution  on  the  contact-making  commutator. 

Graphic  recording  instruments  are  obtainable  in  many  varieties 
and  makes  and  give  an  accurate  record  of  all  the  variations  in  the 
load  measured,  but,  as  a  rule,  are  so  expensive  either  in  first  cost  or 
operation  as  not  to  be  suitable  for  general  use  on  consumers*  prem- 
ises. For  special  and  station  purposes  their  use  cannot  be  too  highly 
recommended. 

For  these  purpOvSes  they  may  be  used  to  advantage  in  connection  with 
watt-hour  meters,  the  former  making  a  continuous  graphic  record  of  the 
instantaneous  values  in  kilowatts  or  other  desired  units  of  the  electrical 
power  used,  at  any  time,  and  the  latter  recording  the  total  number  of 
kilowatt-hours  of  electrical  energy  during  a  given  period. 

From  the  curve  drawn  by  the  graphic  recording  instrument,  the  value 
of  instantaneous  peaks;  the  time  of  occurrence  of  peaks  or  other  charac- 
teristic loads;  the  average  value  of  the  load  and  the  amount  of  fluctua- 
tion in  the  load  can  be  read  off  or  calculated.  This  allows  the  application 
of  different  rates  for  different  load  characteristics  and  different  times 
of  day. 

As  the  **  load  wave  "  is  really  what  is  indicated  by  this  type  of  meter. 
it  gives  a  definite  basis  for  rates  to  consumers  whose  demands  for  electric 
power  during  different  hours  of  the  day  can  thus  be  determined. 


I026 


ELECTRICAL   METERMAN'S   HANDBOOK 


Graphic  recording  meter  records  are  invaluable  as  an  aid 
management  in  central  stations  and  industrial  plants  of  all  kinds.  The.t 
value  is  realized  by  skillful  managers  and  their  use  is  being  extended  "j 
new  fields.  Central  stations  use  the  records  to  determine  a  fair  XaS' 
for  charges  according  to  maximum  demand  and  hours  of  service,  and  !■■ 
reduce  operating  expenses  by  arranging  a  proper  schedule  for  the  open 
tion  of  machinery  and  attendance  of  operators  according  to  ihe  rcKaUi 
demands.  Large  manufacturing  plants  use  ihem  to  determine  and  ar-  , 
alyze  the  power  requirements  and  operating  cost  of  motor-driven  machin  j 
ery.  Large  printing  plants  and  newspapers  find  them  of  advantage  m 
obtaining  automatically  a  continuous  record  of 'the  speed  and  ontput   o' 
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their  presses.  Many  factories,  textile  mills,  and  machine  shops 
using  them  to  analyze  lite  cost,  both  in  power  and  in  linie,  of  tlieir  ' 
oils  operations,   with   a   view   to  eliminating  time 
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clerical  work  necessary  to  translntc  iiKlicating  iiistnimciil.  or  wall-hour 
meter,  records  into  intelligible  and  useful  form  is  considered,  it  will  be 
probably  found  that  a  graphic  recording  meter  that  gives  accurate  records 
automatically  in  the  form  required,  involves  less  total  expense. 

The  curve  drawn,  having  ordinales  proportional  to  the  kilowatts  used 
during  every  instant  and  a  base  line  proportional  to  time,  can  be  inte- 
g^rated  with  a  planimcter  lo  compute  kilowatt -hours,  but  for  this  purpose 
the  maximum  load  indicators  recording  in  kilo  watt- hours  for  a  given 
period,   as   described   in   previous   paragraphs,   are   preferable    (Fig.   714). 


A  few  types  of  graphic  recording  instruments  are  described  and 
illustrated   hclow: 

The  WcBtinghouse  graphic  recording  instnimenta  (Figs.  715  and 
71b)  operate  on  ihe  relay  principle,  the  meter  elemcm  actuating  only  con- 
tacts and  not  moving  the  pen  directly.  In  turn,  these  contacts  energize 
a  pair  of  solenoids  arranged  to  move  the  pen.  The  solenoids  are  wound 
for  operation  from  either  alternating  or  ciMitinuou'^  current  circuits,  as 
desired. 

The  meter  elements  of  alternating  current  and  continuous  current  wati 
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Kelvin  balance  type.  They  are  independent  of  variations  in  frequency. 
external  fields,  temperature,  power  factor  or  wave  form.  Continuoc- 
current  ammeters  are  of  the  permanent  magnet  type  with  moving 
coils,  and  operate  from  shunts. 

The  power  required  for  the  meter  elements  is  not  greater  than  tha* 
for  the  Westinghouse  indicating  meters. 

The  control  circuit  for  operating  the  solenoids  is  generally  no  volt- 
continuous  current,  the  allowable  temporary  variation  of  voltage  being  25 
per  cent  above  or  below  normal.  Where  such  a  circuit  is  not  availabk 
other  solenoids,  suitably  wound,  may  be  provided.  When  the  only  con- 
tinuous current  supply  available  is  an  exciter  circuit  controlled  by  an 
alternating  current  automatic  voltage  regulator,  alternating  current  con- 
trol meters  should  be  used. 

The  record  is  made  by  a  pen  which  is  moved  in  a  straight  horizontal 
line  across  the  paper,  the  motion  being  at  right  angles  to  the  motion  of 
the  paper,  thus  giving  a  scale  having  rectangular  co-ordinates. 

The  pen  is  of  self-feeding  design  and  has  a  reservoir  containing  s. 
one  month's  supply  of  ink.  It  operates  on  the  capillary  principle  and 
the  feed  is  uniform  at  all  temperatures.  The  marking  point  is  a  hard 
iridium  alloy  tube. 

The  motion  of  the  pen  and  consequently  the  sensitiveness  of  the  meter 
may  be  regulated.  Thus  the  record  may  be  made  either  to  show  et  er>- 
slight  variation  in  the  circuit  or  to  slur  over  these  irregularities  and 
form  a  more  even  line.  The  pen  can  be  made  to  travel  full  scale  in  am 
time  from  i  to  30  seconds  (Fig.  717). 

The  paper  for  these  meters  is  supplied  in  a  long  roll  so  that  continuous 
records  may  be  kept  for  any  desired  period.  The  width  is  approximately 
six  and  three-quarter  inches,  five  and  one-quarter  inches  of  which  i- 
utilized  for  the  record.  Standard  rolls  are  of  sufficient  length  for  twn 
months'  service  when  run  at  a  speed  of  two  inches  per  hour.  The 
standard  paper  speeds  may  be  2,  4  or  8  inches  per  hour.  Each  meter  ha^ 
a  paper  collecting  roll  that  will  take  up  about  two  weeks*  length  of 
record  without  necessity  of  removing  same. 

The  clock,  which  turns  the  paper  rolls,  is  of  the  electric  self-winding 
type,  power  for  winding  being  taken  from  the  control  circuit  at  the  end 
of  each  two-inch  period. 

A  synchronizing  attachment  for  connection  to  a  general  contact -making 
master  clock  operated  by  a  Western  Union  time  service  wire,  can  be 
furnished.  This  device  consists  of  an  electromagnet,  energized  once  per 
hour,  which  corrects  for  any  variations  in  the  running  of  the  clock. 
Thus,  any  number  of  meters  in  the  same  station,  or  system,  may  be  kept 
synchronized.     This    synchronizing   device   cannot   be    furnished   in    the 
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United  States  unless  arrangements  are  made  for  time  service  with  the 
'Western  Union  Telegraph  Company. 

The  ink  furnished  with  these  meters  is  furnished  in  concentrated  form 
to  be  added  to  distilled  water,  making  a  writing  fluid  containing  a  mini- 
mum of  solid  matter.  The  ordinary  commercial  writing  inks  are  not 
recommended,  as  they  cause  the  pen  points  to  clog.  A  green  ink  has 
been  found  to  be  the  most  satisfactory  as  to  legibility  and  pen  action. 

All  meters  are  designed   for  switchboard  mounting  only,  and  are  en- 
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Pig.  717- — Westinghousc  Graphic  Recording  Instrxxment  Chart  Showing  Fluctuations  in  Load. 

closed  in  glass  cases  with  removable  hinged  glass  front,  giving  access 
to  the  interior. 

The  General  Electric  Company's  graphic  recording  instruments 
for  alternating  current  (Figs.  718  and  719)  are  constructed  on  the  direct- 
reading  dynamometer  principle.  Single-phase  wattmeters  have  one  fixed 
and  one  movable  set  of  measuring  coils;  polyphase  wattmeters  have 
two  sets  of  fixed  coils  and  two  sets  of  movable  coils,  the  latter  rig- 
idly attached  to  a  common  shaft.  The  ammeters  are  constructed  on 
the  magnetic  vane  principle. 

The  movable  element  of  these  instruments  is  suspended  entirely  from 
the  top  by  means  of  a  steel  piano  wire.     The  lower  end  is  centered  by 
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The  pen  depends  for  its  actii 
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j  attached   to   the   shaft 


These  jewels  arc  carried  at  the  ends  of  ; 
which  carries  the  niovabk'  clement. 

The  clock  has  an  eight-day  movement  and  mu.it  be  wound  at  least  once 
a  week,  lint  since  the  torque  is  tnaintained  at  a  more  uniform  value  if 
the  spring  is  not  allowed  to  become  completely  nnwotmd,  it  is  recom- 
mended the  clocks  be  wound  Iwice  a  week.  At  the  right  of  the  clock 
projects  a  melallie  linger  by  means  of  which  the  mechanism  may  it 
started  or  stopped  at  will.     Means  are  also  provided   for  regulation. 

The  record   is   made  on   a  band  of  paper   four  inches   wide  and   sixtf 
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leet  in  length.  On  Ihis  paper  are  niled  lines  corresponding  to  the  time 
and  instrument  calibration.  The  lines  rule<l  across  the  paper  represent 
time,  those  ruled  lengthwise  represent  amperes  or  watts,  depending  upon 
the  instrument  c 


Pic.  V3I.— Internal  View  of  General  ElceUie  Graphic  Recordbd  Instmment.  Type  CR. 

The  recording  pen  is  attached  to  the  movable  clement  in  such  a 
[nanner  that  its  motion  is  transmitted  in  a  straight  line  parallel  to  the 
:ime  division   on   the  char!.  
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The  standard  rate  of  chart  feed  is  three  inches  per  hour,  althtiugh 
feed  of  one  inch  or  six  inches  per  hour  will  be  supplied  if  desired. 

The  scales  of  all  these  instruments  are  three  and  one-eighth  inches  z 
length. 

The  instrument  indications  are  rendered  dead-beat  by  means  of  a  daxci^ 
ing  disk  of  aluminum  passing  between  the  poles  and  across  the  fields  « • 
permanent  magnets. 

The  instruments  are  shielded  from  the  influence  of  externa!  magnetir 
fields.  They  are  free  from  heating  errors  and  may  be  used  on  circuit 
of  any  wave  form  or  power  factor. 

The  standard  finish  is  dull  black.  Instruments  are  enclosed  in  a  gi2*- 
case  and  are  rendered  dust-proof  by  means  of  felt  guards  or  cushions. 

The  continuous  current  graphic  recording  wattmeters,  wth  the 
exception  that  they  are  calibrated  on  continuous  current,  are  xht 
same  as  the  alternating  current  instruments. 

The  continuous  current  graphic  recording  ammeters  are  constnict«:<i 
on  the  astatic  principle,  and  are  of  the  electromagnet  type.  The  inovisf 
element  consists  of  two  rectangular  shaped  coils  connected  together  wiik 
two  soft,  sheet  steel,  astatic  control  pieces.  The  current  to  be  measured 
or  a  shunted  portion  of  it,  is  passed  through  these  coils  which  arc  fret 
to  move  in  the  fields  set  up  by  two  astatically  arranged  electromag- 
nets. The  movement  of  these  coils  is  opposed  by  the  counter  torque 
of  the  astatic  control  pieces  and  also  by  two  control  springs. 

The  standard  electromagnets  are  wound  for  125,250  and  550  volts 
The  instruments  have  been  so  designed  that  a  25  per  cent  variation 
above  or  below  normal  will  cause  no  appreciable  error. 

Owing  to   the  astatic  arrangement  of  the  magnets  and  control   piece-. 
the  instruments  are  practically  free  from  errors  due  to  stray  fields,  an*! 
arc   free  from  errors  due  to  hysteresis  and  change  of  temperature- 
Type  CR  graphic  recording  instruments.  Fig.  720.  are  of  the  round  pat- 
tern type,  having  circular  charts  eight  inches  in  diameter. 

The  internal  parts  of  these  graphic  recording  instruments  consist  *  \ 
the  clock  mechanism  and  the  measuring  element.  The  spindle  carryine 
the  pen  arm  has  cylindrical  pivots  and  runs  in  ringstone,  end-stone  jewels. 

The  electrical  circuit  is  of  the  solenoid  type  with  gravity  control 
Tliey  can  be  operated  on  either  alternating  or  continuous  current. 
To  render  the  needle  dead-beat,  an  aluminum  damping  disk  is  oper- 
ated from  the  armature  shaft  through  gearing  so  that  a  large  move- 
ment of  the  disk  is  obtained  with  a  small  movement  of  the  pen. 

The   pen   consists   of   a   V-shaped  metal  punching  with  a  sharj)   point 
Under  ordinary  conditions,  it  will  hold  sufficient  ink  for  several  chartii. 
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The  clock,  with  ordinary  chart  speeds,  will  run  two  days  with  one 
winding. 

The  driving  arbor  to  which  the  charts  are  attached  projects  through 
the  inner  case,  and  the  chart  is  clamped  in  place  by  a  knurled  nut.  The 
chart  is  supported  by  a  stationary  metal  dial,  and,  to  keep  it  flat,  the 
edge  runs  under  six  clips  on  the  periphery  of  this  dial. 

The  standard  clock  speed  is  arranged  to  drive  the  chart  through  one 
revolution  in  either  12  or  24  hours.  Speeds  of  one  and  six  hours  can, 
however,  be  furnished  on  request. 

The  standard  finish  is  dull  black.  All  instruments  have  a  circular  glass 
window  in  the  cover,  which  renders  the  entire  record  visible  at  all  times. 

The  principle  upon  which  the  Sangamo  graphic  recording  instru- 
ments operate  depends  upon  the  fundamental  law  that  current  passed  at 
right  angles  through  a  magnetic  held  is  urged  at  right  angles  both  to 
the  current  flow  and  the  field. 

The  measuring  elements  comprise  a  mercury  floated  metallic  disk,  or 
sector,  moving  element  and  a  stationary  element  consisting  of  electro- 
magnets in  the  alternating  current  ammeters,  alternating  current  watt- 
meters and  continuous  current  wattmeters.  The  continuous  current  am- 
meter employs  permanent  magnets. 

The  instruments  are  of  the  direct  deflection  type,  without  the  use  of 
relays,  or  control  magnets. 

In  addition  to  the  recording  feature  each  meter  is  provided  with  an 
indicating  scale,  which  answers  the  purpose  of  indicating  ammeters  or 
wattmeters. 

The  recording  pen  is  so  formed  as  to  provide  an  ink  reservoir  of  suffi- 
cient capacity  for  several  days'  use.  The  pen  point  is  composed  of  a 
metal  alloy. 

The  clock  is  of  the  eight-day,  enclosed  type,  the  function  of  which 
is  to  drive  a  record  paper  under  the  recording  pen  at  a  uniform  pre- 
determined rate,  synchronous  with  the  time  markings  on  the  record 
chart. 

The  record  paper,  248  feet  in  length  and  six  inches  wide,  is  graduated 
hmgitudinally  in  a  set  of  parallel  lines  representing  the  meter  calibration, 
the  spacing  being  uniform  with  the  various  capacities,  but  of  different 
values.  At  right  angles  to  the  calibration  lines  are  parallel  lines  repre- 
senting hours,  varying  in  distance  from  each  other  with  the  particular 
rate  of  speed  for  which  the  record  paper  is  marked. 

Speeds  of  two  inches,  four  inches  and  eight  inches  per  hour  may  be 
obtained  by  substituting  gears  and  pinions  having  different  ratios  of  teeth. 
.Any  desired  speeds  up  to  sixty  inches  per  minute  can  !)e  furnished. 
The  meters  are  free  from  the  disturbing  influences  of  external  magnetic 
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fields  generatQii  by  heavy  ctirenis,  or 
the  meters. 

The  movable  element  of  the  meas 
dered  aperiodic,  by  the  dash-pot  act 
through   the  mercury  chamber.       i 

The  Bristol  graphic  recording  inst 
are  of  the  round  dial  pattern,  with  cigl 


and  726).     They  can  be  ustd  on  holh  alternating  current  and  continuon.' 
current  circuits  and  arc  of  the  solenoid  type. 

Fig.  722  shows  ihc  interior  construction  and  manner  of  oper^tioe. 
In  a  watlmcter  a  coil  wound  with  fine  wire  is  mounted  on  ^^rii^ 
knife-edge  supports  and  ii  free  lo  move  toward  a  stationary  coil,  whii'li 
is  wound  with  a  heavy  ciimhictor  capable  of  carrying  the  entire  curreni 
to  be  measured.  The  Icrniinals  of  the  movable  coil  are  connected  if 
the  positive  and  negative  conductors,  and  the  magnetic  effect  of  the  mr- 
rent  through  (his  coil  of  liiRh  r^■^istance  will  be  dependent  upon  the 
voltage,   while   Ihe  magnetic  elTecl   of  the  main  current   through   the   ut- 


MAXIMUM    LOAD    INDICATORS 


Fic.  713— Bristol  Graphic  Recording  Instrument,  Portahle  Type, 

tioiiary  coil  of  low  ri'sistaiK'i:  will  ik'pcnd  uptui  ihu  nuiiiber  of  amperes 
passing.  The  mutual  ailraction  of  the  coils  will  be  the  product  of  these 
magnetic  forces  ami  proporliunal  to  Ihc  mmilier  of  watts.  A  marking 
arm  is  attached  directly  to  one  of  the  knife-edge  spring  supiwrls  of  the 
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iiiovabk    coil    and    partakes    of   its    motion,    recording    tlie    variatio 
fleet rical  energy  on  a  uniformly  revolving  chart. 


The    magnetic    balance   principle 
there  arc  no  permanent  magnets. 


The  Esterline  graphic  recording  instrument  (Fig.  7-'/)  is  a 
iient  which   makes  a   continuous   record   on   a   paper   charl 
eally  fed  at  a  uniform   rate  by  the  mechanism  of  the  ins 
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The  instruments  are  made  in  four  types,  viz..  switchboard,  wall, 
desk  and  portable  types.  The  portable  type  is  mounted  in  an  alumi- 
num case,  fitted  with  carrying  handle,  eccentric  lock  and  rubber  feet. 
A  plate  glass  window  is  provided,  making  the  record  visible.  The 
front  opens  downward,  and  by  pushing  to  right  when  open,  it  can 
roadily  hi-  removed   (Fig.  jm. 

The  clocks  used  in  all  Esterline  graphic  recording  instruments  are 
a  jewel  balanced,  eight-day  movement,  mounted  in  a  dust-proof  metal 
case.  A  small  plate- glass  window  is.  provided  to  give  access  for  ad- 
justment, and  to  enable  the  operator  to  see  that  the  clock  is  running. 

The  chart   feeding  mechanism   is  also  contained   in   the  clock  case. 


The  paper  is  drawn  through  the  instrument  by  the  feeding  mechan- 
ism, the  clock  regulating  the  rale  of  chart  feed. 

The  feeding  meduini.-^m  niso  eonstilntes  the  re-roll,  which  rolls  the 
record  up  .Ti  it  is  printed. 

The  ink  well  is  stationary,  and  the  ink  is  siphoned  from  the  ink  well 
through  Ihe  indic.itor  of  the  instrument,  at  the  end  of  which  is  an  inking 

An  indicating  scale  is  mounted  just  above  the  pen  tube,  so  that  the 
instrument  constitutes  a  combined  edgewise  indicating  and  graphic 
recording   instrument. 

A  partition  divides  the  interior  of  the  instrument  case  into  two 
compartments;  the  cluck  and  chart  controlling  mechanism  arc  placed 
in  the  front  part  of  llie  case.  The  meter  element  and  other  parts  are 
placed   back   of   the   parlilion.     The   partition   is   hinged,   so   thai   the 
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clock  and   record  roll  can  be  swung  out  of  the  way,  exposing:   thf 
meter  element  and  instrument  wiring  to  view. 

The  chart  feeds  which  can  be  furnished  in  a  single  instrument  arc 

%  in.,  1V2  in.,  3  in.,  6  in.,  and  12  in.  per  hour 
%  in.,  1V2  in.,  3  in.,  and  6  in.  per  minute. 

The  standard  chart  feed  is  three  inches  per  hour.  The  change  fronc 
one  to  another  rate  of  feed  per  hour,  or  from  one  to  another  rate 
of  feed  per  minute,  is  made  by  changing  gears  on  studs  on  the  out- 
side of  the  clock  case.  Instruments  are  not  provided  with  •'minute" 
feeds  unless  so  ordered,  and  these  feeds  cannot  be  supplied  after  an 
instrument  has  been  shipped,  since  this  requires  additional  gears  in- 
side the  clock  case.  Gears  for  outside  of  clock  case  can  l>e  furnished 
at  any  time. 

Record  charts  are  in  rolls  90  feet  in  length,  and  will  last  30  days 
continuous  operation  at   1V2  inches  per  hour. 

Change  of  chart  feed  from  inches  per  hour  to  inches  per  minute, 
or  vice  versa,  in  instruments  provided  for  "  minute  "  feeds,  is  made 
by  a  small  lever  projecting  from  the  front  of  the  clock  case. 

Record  charts  are  6  inches  wide,  with  a  scale  4V2  inches  in  wdth- 

The  meter  elements  used  in  each  type  of  instrument  are  adapted  to 
the  requirements  of  each  case. 

Continuous  current  graphic  recording  ammeters  and  voltmeters 
have  meter  elements  of  the  D'Arsonval  type. 

Alternating  current  graphic  recording  instruments,  and  continuous 
current  wattmeters,  have  meter  elements  of  the  dynamometer,  mov- 
ing coil  type. 

All  meter  elements  are  designed  so  as  to  operate  with  standard 
shunts  and  voltage  and  current   transformers. 

These  instruments  arc  manufactured  by  the  Esterline  Company, 
La  Fayette,  Ind. 

The  Brown  Electric  Recorder  (Figs.  729  and  730),  or  graphic  re- 
cording instrument,  has  been  designed  with  the  d'Arsonval  type  of 
meter  element  for  continuous  current,  and  for  alternating  current,  the 
electromagnetic,  or  soft  iron  type.  The  friction  between  the  record- 
ing pen  and  the  chart  is  removed  by  the  recording  pen  being  brought 
into  contact  only  momentarily  every  half  or  quarter  minute  with  the 
chart. 

The  whole  electrical  system  is  mounted  on  the  door,  so  that  w-'hen 
the  door  is  swung  open  the  pen  arm  is  moved  aside  and  the  record 
chart  can  be  changed  without  interference  with  the  recording-  pen 
arm. 
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A  bracket  is  carried  beside  the  pen  point,  and  this  bracket  is  nor- 
mally pushed  away  from  the  pen  by  clock  mechanism  and  lever 
shown  at  the  left  of  the  photoeraph.     Every  quarter  or  half  minute 


Fic.  739  — ExtEtnal  View  of  Brown  Electric  Graphic  Reeordcr. 

it   is  allowed  to  fall,  pressing  the  pen  against  the  paper  and  leaving 
a  dot  of  ink. 

The  chart  is  printed  On  ordinary   white  paper   which   does  not   re- 
quire  coating  or  Ireatinf;   of  any   kind,   and   the   record   can   be   filed. 
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In  The  Brown  Portable  Eleclric  Recorder,  the  instrument  is  used 
horizontally,  the  recorder  being  placed  on  a  bench  or  table. 

The  clock  mechanism  is  carried  on  a  drawer  with  guides  upon  which 
it  slides  as  the  drawer  is  drawn  out,  the  chart  drops  away  from  the 
recording  pen  and  prevents  marking  of  the  chart.  On  account  of  this 
construction  the  chart  can  be  changed  with  (he  drawer  removed 
from  the  instrument,  the  pen  arm   being  out  of  the  way  entirely. 


Fic.  TJO—Intemal  View  of  Brown  ElKtric  Ciraphk  Recorder. 

I  many  instances  it  is  preferable  to  use  a  graphic  recording  in- 
t  which  will  keep  a  continuous  recorii  for  a  week  or  month. 
for  which  a  circular  record  chart  is  not  so  desirable.  With  this  in 
view  a  type  was  designed,  carrying  a  two  nionlhs'  roll  of  record  paper 
and  requiring  winding  once  a  week.  The  electrical  features  of  design  are 
similar  to  those  of  the  circular  chart  instrument. 

This  instruiucnl  is  manufactured  liy  the  Keystone  Rlcctrleal  Instru- 
ment Company.  Philadelphia,   I'a. 
•^     .\ll  of  the  above  graphic  recording  types  of  instruments  record  only 
intaneous  values  and  must  be  integrated  by  some  means,  in  ordjr 
tain  average  demands  over  any  ("ivcn  interval  of  time. 
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CHAPTER   XVIII 
Specifications  for  Acceptance  of  Watt-hour  Meter  Types 

During  the  last  decade  manufacturers  have  exerted  their  utmost 
energies  toward  improving  the  electricity  meter,  with  the  result  that 
very  marked  advances  have  been  made.  Many  of  the  meters  pro- 
duced ten  years  ago  are  no  longer  being  manufactured  and  have  been 
superseded  through  improvements  in  design.  New  types  have  taken  their 
places,  and  to-day  exceedingly  accurate  electricity  meters  can  be  secured 
for  every  class  of  service. 

Great  care  should,  however,  be  exercised  in  deciding  on  the  par- 
ticular type  and  make  of  electricity  meter  to  purchase.  A  labora- 
tory test  is  advisable  (see  Chapters  V  and  VII),  as  indicating  the 
performance  of  the  meter  under  ideal  conditions.  In  the  laboratory 
a  minute  examination  can  be  made  of  the  quality  of  the  workman- 
ship, the  excellence  of  the  design,  the  range  of  adjustment  of  the 
different  parts  and  the  accuracy  of  the  meter  under  prescribed  con- 
ditions. Too  much  stress,  however,  should  not  be  laid  upon  the 
results  of  the  laboratory  test.  Almost  any  meter  can  be  adjusted  in 
the  laboratory  to  show  a  satisfactory  test,  but  such  a  test  is  no  indi- 
cation of  the  ability  of  the  meter  to  maintain  its  accuracy  under  the 
vicissitudes  of  actual  service. 

In  addition  to  the  laboratory  test,  it  is  necessary  to  conduct  a 
series  of  tests  on  a  number  of  meters  in  actual  service  and  in  differ- 
ent localities,  in  order  that  the  meters  may  be  subjected  to  the  vary- 
ing local  conditions;  such  as  vibration,  dust  and  moisture,  extremes 
of  temperature,  short  circuits,  et  cetera.  (See  Chapters  VII  and 
VIII.)  During  the  period  covered  by  the  service  tests,  it  is  neces- 
sary to  test  the  meters  repeatedly  for  accuracy,  and  it  is  usually 
undesirable  to'  calibrate  the  meter  at  such  times,  as  the  object  to  be 
attained  is  the  determination  of  the  period  during  which  the  meter 
will  operate  within  the  limits  of  commercial  accuracy. 

Some  companies  are  still  using  the  commutator  type  of  watt-hour 
meter,  also  the  old  induction  type  of  ampere-hour  meter,  on  alter- 
nating current  circuits.  Formerly  it  was  considered  that  the  commu- 
tator type  of  watt-hour  meter  was  equally  desirable  for  both  con- 
tinuous and  alternating  current   circuits,   and   when   the   meter   was 
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properly  compensated  it  registered  with  equal  accuracy  in  the  major- 
ity of  cases  on  both  classes  of  current.  To-day,  the  commutator 
type  of  watt-hour  meter  is  generally  considered  as  a  continuous  cur- 
rent meter,  and  the  induction  watt-hour  meter  is  considered  prefer- 
able for  alternating  current  circuits  for  various  reasons,  among 
which  may  be  mentioned: 

The  induction  watt-hour  meter  will  generally  maintain  its  accuracy 
for  longer  periods. 

Brush  and  commutator  troubles  are  eliminated. 

Lighter  moving  element,  resulting  in  a  longer  life  of  the  je^el  and 
pivot. 

Generally  occupies  less  space. 

Shunt  losses  are  less. 

First  cost  generally  less. 

Maintenance  cost  is  generally  less. 

More  accurate  on  inductive  loads,  as  the  ordinary  commutator 
meter  is  not  compensated  for  these  loads. 

Ampere-hour  meters  of  the  old  induction  type  are  no  longer  being 
manufactured.  These  meters  are  very  inaccurate,  especially  on  in- 
ductive loads,  and  they  should  be  discarded  and  be  replaced  by  the 
induction  type  of  watt-hour  meters,  which  are  accurately  compen- 
sated for  inductive  loads.  There  is  recently,  however,  a  well-defined 
increasing  tendency  to  revert  to  the  use  of  a  modern  wcll-desij»T*^d, 
inexpensive  type  of  ampere-hour  meter,  in  low  capacities,  on  the 
services  of  small  consumers,  where  the  revenue  derived  does  not  now 
justify  the  investment  for  a  watt-hour  meter  and  where  the  energy 
recorded  does  not  involve  such  delicate  limitations  as  are  procurable 
in  watt-hour  meters. 

The  various  meter  manufacturers  have  been  requested  jointly  by 
the  National  Electric  Light  Association's  Committee  on  Meters,  and 
the  Association  of  Edison  Illuminating  Companies*  Committee  on 
Meters  to  standardize,  so  far  as  possible,  many  features  in  watt- 
hour  meters  that  are  of  special  interest  to  central  station  companies.  The 
following   features    have   been    recommended: 

(i)  Wires  to  enter  watt-hour  meters  at  the  bottom,  the  feed,  or 
service,  wires  being  on  the  left. 

(2)  The  rotating  elements  of  all  watt-hour  meters  to  revolve  in 
the  same  direction,  from  left  to  right,  facing  the  front  of  the  disk. 

(3)  Uniform  range  of  watt-hour  meter  capacities  to  be  generalK 
adopted. 

(4)  A  four  dial  register  to  be  standardized  and  all  markings  elimi- 
nated from  the  dial  face,  other  than  the  numbering  of  the  dial  divisions 
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and  the  value  of  the  unit  of  registration,  or,  when  necessary,  the 
constant  to  be  used  to  convert  the  reading  into  that  value,  which 
should  be  placed  below  the  arrangement  of  dials. 

(5)  Definite  names  to  be  adopted  for  the  various  watt-hour  meter 
constants,  and  the  values  assigned  to  each  to  be  in  terms  of  the 
same  units;  as  watt-hours  or  watt-seconds,  and  so  on.  (See  Chap- 
ter XV.) 

The  following  is  a  brief  summary  of  the  principal  specifications 
covering  an  acceptable  type  of  meter  as  laid  down  in  the  Code  for 
Electricity  Meters. 

1.  Initial  Accuracy  of  Registration:  Continuous  current  meters  shall 
run  continuously  at  2  per  cent  rated  current  and  shall  record 

within  ±7.5  per  cent  at  5  per  cent  rated  current 
within  ±3  per  cent  at  10  per  cent  rated  current 
within  ±2     per  cent  at  100  per  cent  rated  current 


Alternating  current  meters  shall  register 

within  ±3     per  cent  at      5  per  cent  rated  current 
within  ±1.5  per  cent  at  100  per  cent  rated  current 


2.  Effect  of  Variation  in  Power  Factor  :  A  power  factor  of  75  per 
cent  shall  not  cause  more  than  ±  2  per  cent,  and  a  power  factor  of  50  per 
cent  shall  not  cause  more  than  ±4  per  cent  variation  in  the  registration 
of  the  meter  at  either  light  or  full  load. 

3.  Effect  of  Variation  in  Voltage:  In  continuous  current  meters  a 
variation  of  ±  10  per  cent  voltage  shall  not  cause  an  error  of  more  than 
±5  per  cent  at  light  load,  or  ±3  per  cent  at  full  load.  In  alternating  cur- 
rent meters  the  corresponding  figures  are  ±2  per  cent  and  i  1.5  per  cent. 

4.  Effect  of  Variation  in  Frequency  :  The  effect  of  ±  10  per  cent 
variation  in  frequency  at  full  load  shall  not  be  more  than  ±  1.5  per  cent. 

5.  Equality  of  Elements  at  Three-Wire  Meters  :  The  elements  may 
not  differ  by  more  than  ±  2  per  cent. 

6.  Effect  of  External  Magnetic  Field:  On  continuous  current  meters 
a  uniform  field  of  o.i  C.G.S.  line  per  square  centimeter  applied  in  the  di- 
rection to  have  a  maximum  effect  shall  not  change  the  rate  of  the  meter 
by  more  than  2.5  per  cent.  For  alternating  current  meters,  an  arbitrary 
test  is  prescribed. 

7.  Effect  of  Variation  in  Temperature:  The  average  temperature  co- 
efficient shall  not  exceed  0.2  per  cent  per  degree  between  20°  and  40°  C. 
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8.  Effect  of  Temporary  Overloads  and  Short  Circuits  :  For  mdrr- 
less  than  600  amperes,  400  per  cent  overload  applied  three  times,  two  sec 
onds  each  time,  shall  not  change  the  registration  by  more  than  ±  5  per 
cent  at  light  load,  or  ±  3  per  cent  at  full  load.  The  corresponding  value: 
for  alternating  current  meters  are  ±  i  per  cent  on  both  light  and  fnO 
loads. 

9.  Potential  Drop  in  the  Field  Coils:  This  shall  not  exceed  1.5  per 
cent  of  the  rated  voltage  of  the  meter  in  meters  of  less  than  10  amperes 
capacity,  or  0.75  per  cent  in  meters  of  10  amperes  capacity  and  larger. 

For  polyphase  meters,  in  addition  to  the  test  for  independence  of  ele- 
ments which  has  been  referred  to  above,  tests  are  made  for  the  initial 
accuracy  of  registration,  the  limits  being  as  in  the  case  of  single-phase 
meters ;  for  the  accuracy  of  individual  elements  ±  2  per  cent ;  for  th« 
effect  of  variation  in  power  factor,  the  limits  being  the  same  as  for  single- 
phase  meters;  the  effect  of  variation  in  power  factor  of  the  individual 
elements,  the  limits  being  in  this  case  widened  to  i  3  per  cent  under  con- 
ditions unfavorable  to  the  accuracy  of  the  meter;  also  for  the  other  meter- 
ing features  the  same  as  in  single-phase  meters. 

Similarly,  current  transformers  must  conform  to  the  following  condi- 
tions as  to  variation  of  ratio  from  its  nominal  value  and  as  to  phase  anglir 
at  light  load  and  at  full  load. 


Per  Cent  of 

Rated 

Current 

Light  Load 

Full  Load 

Ratio 

Phase  Angle 

Ratio 

Phase  An^ 

10 

±2% 

2°  30' 

±3% 

4"3o' 

25 

±2% 

i°30' 

±2% 

3*" 

50 

±2% 

r 

±2% 

I  "30' 

100 

±2% 

i'' 

±  2% 

1° 

150 

±2% 

i^ 

±2% 

1° 

In  voltage  transformers  the  ratio  may  not  deviate  by  more  than  2  per 
cent  of  its  nominal  value  and  the  phase  angle  shall  not  exceed  one  degree 
with  cither  light  or  full  load.  Ten  per  cent  variation  in  the  voltage  of 
a  voltage  transformer  shall  not  cause  a  change  of  more  than  0.5  per  cent 
in  the  ratio  of  transformation,  nor  more  than  30  minutes  in  the  phase 
angle. 

It  may  be  stated  that  the  above  specifications  arp  not  intended  to  cover 
simply  the  very  best  of  modern  apparatus,  nor  do  they  represent  the 
highest  results  obtainable  by  the  very  best  types  of  meters  under  labora- 
tory conditions,  but  they  are  intended  to  cover  such  apparatus  as  should 
be  considered  commercially  satisfactory  and  proper  apparatus  to  use   at 
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the  present  time;  that  is,  the  apparatus  which  was  the  best  of  its  kind  a 
^cw  years  ago  would  in  most  cases  still  be  acceptable  under  the  specifica- 
tions as  drawn. 

A,  suggestive  list  of  requirements  which  constitute  a  commercially 
satisfactory  service  watt-hour  meter,  and  which  were  compiled  by  the 
National  Electric  Light  Association  Committee  on  Meters  for  1909, 
is   as  follows: 

1.  Normal  curve  on  non-inductive  loads  should  be  practically  straight 
from  5  per  cent  to  100  per  cent  load. 

2.  The  meter  should   register   accurately   to  50  per  cent  overload. 

3.  Errors  for  a  10  per  cent  change  in  voltage  above  or  below  the  rated 
voltage  of  the  meter  should  be  small. 

4.  Errors  for  a  5  per  cent  change  in  frequency  above  or  below  the 
normal  should  be  small. 

5.  Ordinary  wave  forms  should  not  cause  appreciable  errors. 

6.  Variafions  in  temperature  liable  to  be  incurred  should  not  cause  ex- 
cessive errors. 

7.  The  effect  of  the  earth's  fields  and  stray  fields  on  the  accuracy 
should  not  cause  excessive  errors. 

8.  Temporary  overloads  and  short  circuits  should  not  cause  the  moving 
element  to  pound,  or  have  any  damaging  effect  on  the  meter. 

9.  Should  be  accurate  when  operating  on  circuits  having  a  reasonably 
low  power  factor. 

10.  Should  not  creep  under  conditions  of  vibration  or  when  the 
voltage  is  increased,  or  decreased,  10  per  cent  from  the  normal  rated 
capacity. 

11.  Should  not  hum,  rattle,  or  otherwise  be  noisy. 

12.  Should  start  to  register  on  a  very  small  percentage  of  its  rated 
capacity. 

13.  Friction  should  be  small  and  should  not  be  variable. 

14.  Accuracy  with  the  cover  on  and  off  should  be  the  same. 

15.  Accuracy  should  not  be  seriously  aflFected,  or  life  of  the  parts 
seriously  affected,  by  ordinary  vibration. 

16.  Should  be  accurate  on  rapidly  fluctuating  loads. 

17.  The  meter  should  have  means  for  readily  varying  the  calibration  at 
full  load  and  light  load,  and,  if  it  is  used  on  alternating  current  circuits, 
of  readily  adjusting  the  accuracy  on  inductive  loads;  with  these  adjust- 
ments it  should  be  possible  to  calibrate  the  meter  so  as  to  be  absolutely 
correct. 

18.  At  full  load,  adjustment  should  be  capable  of  varying  the  accuracy 
by  at  least  10  per  cent  above,  or  below,  the  correct  calibration. 

19.  The  light  load  adjusting  device  should  have  sufficient  range  to 
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increase  the  meter  accuracy  10  per  cent  at  one-twentieth  load.  It  b 
undesirable  to  have  a  stronger  light  load  adjustment,  as  in  the  latter 
case  a  tester  is  liable  to  use  it  to  cover  up  some  friction  vrhich  shoulii 
be  located  and  eliminated. 

20.  The  adjustment  for  lagging  should  have  sufficient  range  to  makr 
the  meter  correct  for  any  ordinary  combination  of  frequency  and  wa%t 
form.  . 

21.  All  adjustments  should  be  as  nearly  independent  of  each  other  a> 
possible.  For  example,  the  changing  of  the  light  load  adjustmect 
should  not  produce  errors  on  inductive  loads;  the  lagging  adjustment 
should  not  produce  errors  on  light  load,  and  so  on. 

22.  Torque  should  be  high. 

23.  The  weight  of  the  moving  parts  should  be  low. 

24.  The  combination  of  22  and  23  will  naturally  give  a  good  ratio  of 
torque  to  weight.  It  should  not  be  assumed,  however,  that  two  meier> 
having  the  same  ratio  of  torque  to  weight  are  equally  good.  For  ex- 
ample, a  meter  with  a  torque  of»30  and  a  weight  of  moving  clement  ot 
30,  which  has  a  ratio  of  i,  is  much  better  than  a  meter  having  a  torque  of 
200  and  a  weight  of  moving  element  of  200,  notwithstanding  the  fact  that 
its  ratio  is  also  i. 

25.  The  initial  and  subsequent  friction  should  be  low.  Meters  shouM 
be  so  designed  that  the  increase  in  friction  is  at  a  very  slow  rate. 

26-  The  ratio  of  torque  to  friction  should  be  high. 

27.  The  counter-torque  produced  by  the  magnets  should  be  very  high 
as  compared  to  the  counter-torque   produced   by   friction. 

28.  All  magnets  used  should  be  practically  permanent  and  unaf- 
fected  by  vibration,  temperature,  short   circuit,  and   so  on. 

29.  The  magnet,  or  magnets,  should  be  so  placed  and  so  designed 
that  the  fields  of  the  current  coils  have  no  effect  on  them. 

30.  Jewels,  pivots  and  similar  bearings  should  be  of  the  best  quality 
and  should  be  easily  removable  for  inspecting.  Meters  should  be  so  de- 
signed that  the  jewel  can  be  removed  for  inspection  without  altering  the 
relative  position  of  the  moving  element  with  respect  to  the  stationar> 
parts. 

31.  Life  of  jewels  should  be  long. 

T,2.  Energy  lost  in  shunt  coils,  field  coils  and  other  parts  should  l>e 
small. 

2,^.  There  should  be  no  aging  of  the  iron  of  the  magnetic  circuit  in  in- 
duction meters. 

34.  Meter  should  not  be  affected  unduly  by  lightning  discharges  or 
surges  on  the  line. 

35.  All    operating   parts    should    be    so    designed   that   little   trouble    or 
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error  is  caused  through  short  circuits,  open  circuit,  shifting  of  parts,  and 
so   forth. 

36.  The  springs  supporting  the  jewels  in  the  jewel  screws  should  be 
of    the  proper  strength  and  should  remain  permanent. 

37.  The  accuracy  of  three-wire  meters  should  be  the  same  whether  the 
load  is  on  either,  or  both  sides,  of  the  three-wire  circuit. 

38.  Polyphase  meters  should  be  accurate  when  the  load  on  the  dif- 
ferent phases  is  balanced  or  unbalanced,  and  meter  element  should 
not  aflFect  the  accuracy  of  the  other  meter  element. 

39.  Meters  should  be  dust,  insect  and  moisture-proof. 

40.  Weight  and  size  of  meters  should  be  as  small  as  possible. 

41.  All  parts  should  be  strong  and  should  stand  ordinary  handling  and 
transportation  without  injury. 

42.  All  parts  should  be  readily  accessible  for  testing,  inspecting  and 
repairing. 

43.  The  possibility  of  tampering  should  be  reduced  to  a  minimum. 

44.  All  adjustments  should  be  readily  accessible  after  simply  removing 
the  cover. 

45.  The  magnets  should  have  reasonably  large  air  gaps  to  prevent  for- 
eign particles,  which  may  fall  on  the  disk,  or  adhere  to  the  magnet, 
from  slowing  the  meter. 

46.  The  insulation  between  all  the  parts  should  be  excellent. 

47.  First  cost  should  be  low  and  maintenance  cost  low. 

48.  Parts  should  be  interchangeable  and  readily  replaced  to  facilitate 
repairs. 

49.  The  finish  of  all  parts  should  be  such  as  to  prevent  deterioration 
and  rusting.  The  finish  of  all  covers,  magnets  and  like  parts  should 
not  peel  off. 

50.  The  dial  face  should  be  large,  easily  read  and  have  a  dull  finish  so 
that  reflected  light  will  not  interfere  with  the  reading. 

51.  The  register  should  have  the  meter  number  and  the  gear  ratio 
marked  on  it,  but  not  on  the  dial  face,  to  prevent  error  and  facilitate 
checking. 

52.  The  register  should  be  doweled,  or  otherwise  fastened  in  position 
in  such  a  manner  that  it  may  readily  be  removed  and  replaced  in  exactly 
the  same  position. 

53.  There  should  be  no  reading  matter  on  the  dial  face  except  the 
numbering  of  the  dial  divisions,  and  the  term  "  kilowatt-hours,"  and  in 
addition  the  words  **  Multiply  by."  in  case  a  multiplying  register  constant 
is  necessary.  These  should  be  plainly  printed  in  large  letters  and 
figures. 

54.  Friction  due  to  the  register  should  be  small. 
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55.  The  register  parts  should  be  gold-plated,  or  otherwise  finished 
so  as  to  prevent  rusting  or  corrosion. 

56.  The  speed  of  the  meter  at  normal  full  load  should  not  be  hi^h. 

57.  Means  should  be  provided  for  protecting  the  jewel  during  shipment 

58.  Workmanship  should  be  good. 

59.  Constants  for   testing  purpose   should  be   placed   on   the   meter   in 
plain  sight. 

60.  The  sealing  of  the  meter  should  be  easy  and  effectual. 

61.  The  connections  to  the  service  should  be  simple  and  easily  made. 

62.  The  use  of  external  taps  should  be  avoided  as  much  as  pos- 
sible. 
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CHAPTER  XIX 
Questions  for  Metermen 

The  following  is  a  list  of  questions  which  it  is  necessary  for  a 
meterman  to  be  able  to  answer,  in  part,  or  in  toto,  according  to  the 
responsibility  of  his  position  and  according  to  the  earnestness  of  his  am- 
bition. 

It  is  expected  that  companies  can  select  from  this  list  such  ques- 
tions as  will  cover  the  scope  of  any  cxaminatioii,  or  series  of  exami- 
nations, which  they  may  wish  to  conduct  in  establishing  the  standard  of 
efficiency  of  its  metermen. 

The  answers  to  the  questions  may  be  ascertained  by  a  study  of  the 
subject  matter  in  this  Handbook. 

Questions 

1.  What  is  a  meterman's  relation  to  the  public? 

2.  What  should  be  the  meter  tester's  attitude   toward  the  consumer? 

3.  Define  the  terms : 

(a)  Volt,  ampere,  ohm,  watt  and  kilowatt. 

(b)  Ampere-hour,    watt-hour,    watt-second,    kilowatt-hour. 

4.  (a)  State  Ohm's  law. 

(b)  If  the  pressure  at  the  terminals  of  a  certain  resistance  equal 
to  19  ohms  is  113.5  volts,  what  will  the  watts  in  the  circuit  be? 

(r)  If  a  second  resistance  of  8  ohms  is  connected  in  multiple  with 
the  above  resistance  what  will  be  the  resultant  current? 

(d)  If  the  two  resistances  are  connected  in  series,  what  will  be 
the  pressure  in  volts  across  the  terminals  of  the  8  ohm  resist- 
ance? 

5.  What  is  meant  by  power-factor,   inductance,   resistance  and  imped- 

ance? 

6.  Give  example  of  a  non-inductive  load ;  an  inductive  load. 

7.  Describe  fully,  with  the  aid  of  diagram  of  connections  the  continuous 

current  commutator  type  watt-hour  meter,  including 

(a)  Principle  of  operation. 

(b)  Use  of  commutator. 

(c)  Angle  at  which  brushes  are  set  with  respect  to  fields. 
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(d)  Reason  for  using  silver  on  commutator  and  brushes. 

(e)  Object  of  shunt  field  coil. 

(f)  Object  of  magnets. 

(g)  Reason  for  no  iron  in  the  meter. 

8.  Describe  with  the  aid  of  a  diagram  of  connections  an  ordinary  m 

duction  watt-hour  meter,  explaining  the  uses  and  principle  of 

(a)  Series  field,  or  current  nroils. 

(b)  Potential  element  coils. 

(c)  The  reactance,  or  lagging  coil. 

(d)  The  light  load  adjustment. 

(e)  The  magnets. 

(/)  The  laminated  core. 
(g)  The  disk. 

9.  How  is  the  rotating  field  effect  produced  in  a  single-phase  watt-hoa: 

meter  ? 

10.  State   the   advantage   of   the   induction    watt-hour   meter   over  the 

commutator  type  watt-hour  meter  for  alternating  current- 

11.  What  will   happen   to  an  induction   watt-hour  meter  if  continuocs 

current  is  connected  to  it?    Why? 

12.  (a)  What  is  meant  by  'Magging"  a  meter? 

(b)  Why  is  it  necessary  to  lag  induction  watt-hour  meters? 

13.  (a)  What   is  meant  by  the  torque  of  a  watt-hour   meter   and  on 

what  does  it  depend? 

(b)  State   the   "  torque "   of   some   type  of   watt-hour   meter  with 
which  you  are  familiar. 

(c)  Give  the  advantages  and  disadvantages  of  high  and  low  torqoc 
and  discuss  torque-weight  ratio. 

14.  (a)  What  is  the  approximate  watts  loss  in  the  potential  circuit  of 

a  commutator  type  watt-hour  meter? 
(b)  A  modern  induction  type  watt-hour  meter? 

15.  (a)  What  is  meant  by  gear  ratio? 

(b)  Register  ratio? 

(c)  Register  constant? 

(d)  Test  constant? 

(<?)  Watt-hour  constant? 
(f)  Watt-second  constant? 

16.  (a)  How  may  the  gear  ratio  be  determined? 
(b)  The  register  ratio? 

17.  Given  a  watt-hour  meter,  how  would  you  proceed  to  determine  the 

test  constant? 

18.  Write   the    testing   formulas    for   the    various   makes    of    watt-hour 

meters,  using  proper  symbols  for  the  different  quantities. 
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19.  When  testing  three-wire  watt-hour  meters  with  the  fields  in  series, 

why  is  one  half  of  the  test  constant  used? 

20.  (a)  How  is  the  percentage  of  accuracy  of  a  watt-hour  meter  figured 

from  a  comparison  of  the  watts  indicated  and  the  true  watts 
load,  also  by  a  comparison  of  the  time  taken  for  a  certain  num- 
ber of  revolutions  and  the  correct  time? 
(6)  A  certain  consumer's  watt-hour  meter  tests  as  follows: 

Routing  Standarf  ^'\?^S't^"*' 

Test  Revolu-  Test      Revolu- 

Conatant  tions        Constant    tions 

10%  Load 0.06  18.21  0.5       2 

100%  Load 0.6  17.62  0.5      20 

Calculate  the  percentage  of  accuracy  of  the  consumer's  watt-hour  meter. 

21.  How  are  the  different  types  of  two- wire  and  three- wire  watt-hour 

meters  connected? 

22.  How  may  the  registration  of  a  watt-hour  meter  be  affected. 

(a)  If  the  current  coils  arc  connected  in  the  grounded  wire  of  the 
system  ?  # 

{b)  If  the  current  coils  of  a  three-wire  meter  are  connected  in  op- 
position ? 
2^.  Will  a  230  volt,  three-phase  watt-hour  meter  measure  correctedly  a 
115  volt  lighting  load  and  a  230  volt  power  load? 

24.  With  a  three-wire  circuit,  if  some  of  the  lamps  were  very  dim  and 

others  very  bright,  where  would  you  expect  to  find  the  cause? 

25.  Draw    the   connections    for   metering   a   high    potential    three-wire, 

three-phase  circuit,  with  two  single-phase  watt-hour  meters,  us- 
ing current  and  voltage  transformers. 

26.  Will  a  230  volt,  three-phase  watt-hour  meter  measure  correctly  the 

energy  used  by  a  230  volt  single-phase  motor,  and  a  230  volt 
three-phase  motor? 

27.  Can  a  115  volt  load  be  connected  to  a  230  volt  three-phase  watt- 

hour  meter  so  as  to  register  correctly? 

28.  (a)  Describe  the  procedure  when  testing  a  commutator  type  watt- 

hour  meter  on  the  consumer's  premises,  giving  in  detail  each 
operation  in  proper  order  from  the  time  of  arrival  until  that 
of  leaving. 
{b)  Give  the  same  for  a  single-phase  induction  meter. 

29.  Show  by   means  of  diagram   how   the  consumer's  load   should   be 

shunted,  and  how  standard  instruments  and  artificial  loads 
should  be  connected  for  testing  different  types  of  watt-hour 
meters. 


1056  ELECTRICAL  METERMAN'S   HANDBOOK 

30.  (a)  How  would  you  obtain  a  testing  load  for  a  150  ampere,  rT--] 

wire,  220  volt  watt-hour  meter  on  continuous  current? 
(6)  On  alternating  current? 
(f)  What  types  of  load  devices  are  preferable  for  continuous  cr? 

rent  and  for  alternating  current  watt-hour  meters? 

31.  What  is  the  minimum  number  of  revolutions  that  should  be  takf! 

at  10  per  cent  load  and  100  per  cent  load  on  a  10  ampere,  u' 
volt,  watt-hour  meter,  with  constant  0.5? 

32.  Draw  a  diagram  of  connections  for  testing  a  three-wire  wait-ho3 

meter  with  indicating  instruments  using  an  auxiliary  load  ^ 
conjunction  with  the  load  on  the  premises. 

33.  (o)  If  a  commutator  type  watt-hour  meter  has  been  standing  «i- 

connected  for  some  time,  is  it  necessary  to  allow  the  voltafi 
circuit  to  warm  up  before  testing  the  meter?  If  so.  how  kr^ 
and  why? 

{h)  Is  it  necessary  in  the  case  of  an  induction  meter?     If  so.  bci 
long  and  why? 

34.  (a)  Is   the   accuracy   of   a    commutator   type    watt-hour    meter  s^ 

fected  equally  on  all  loads  by  adjusting  the  shunt  field? 
(&)  Is  the  accuracy  of  a  commutator  type  watt-hour  meter  affecit^ 
equally  on  all  loads  by  adjusting  the  drag  magnets? 
Note:  Explain  the  action  of  the  shunt  field  and  of  the  drag  magixU 
in  your  answer  to  these  questions. 

35.  {a)  What  is  a  consequent  pole  in  a  permanent  magnet? 
(fc)  What  is   the   effect   of  a  brake   magnet   on   the   accuracy  of  1' 

watt-hour  meter  if  it  has  a  consequent  pole  of  considcraVf 
magnitude  ? 

36.  What  causes   a   commutator   type   watt-hour   meter   and    an   indue 

tion  watt-hour  meter  to  run : 
(a)   Slow  on  both  light  load  and  full  load? 
{b)  Fast  on  both  light  load  and  full  load? 
(c)  Slow  principally  on  light  load? 
(rf)   Fast  principally  on  light  load? 
2^7-  What  is  meant  by  the  following,  and  why  are  they  necessary: 
(a)  Light  load  adjustment? 
{h)  Full  load  adjustment? 
(r)   Inductive  load  adjustment? 

{d)  What  effect  do  these  loads  have  on  each  other? 
38.  How   would  a  short  circuit  in  the   shunt  field  coil,   impedancf  cojI 

or   scries   field   coil   affect   the   full    load   speed   of   a    watt-hour 

meter  ? 
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39.  What  are  some  of  the  reasons  for  a  watt-hour  meter  running  back- 

ward? 

(a)  Internal  causes  peculiar  to  the  meter  itself. 
(6)  External  to  the  meter. 

40.  What  is  meant  by  polarity  effect  on  continuous  current  commutator 

type  watt-hour  meters  and   will   it  affect  the  meter  accuracy? 

41.  (a)  Explain  what  is  meant  when  a  meter  is  said  to  be  "  creeping," 

and  give  all  possible  causes  for  it. 

(b)  How  would  you  determine  the  "  creep  "  on  a  watt-hour  meter 
and  how  is  this  expressed  (in  what  units)  ? 

(c)  How  would  you  stop  the  creep  on  a  continuous  current  watt- 
hour  meter?     On   an   induction   watt-hour   meter? 

(d)  What   anti-creeping  devices  may  be   used,   and  how   are   they 
applied  ? 

42.  Answer  the  following  questions  regarding  commutator  type  watt- 

hour  meters: 

(a)  When  do  commutators   and  brushes  need   cleaning? 

(b)  What    causes    sparking    at    the    brushes?    Describe    remedies. 

(c)  What  methods  are  used  to  determine  the  correct  brush  tension? 

43.  (a)  How  would  you  determine  an  open  circuit  in   the  armature? 
(b)  A  short  circuit  in  the  armature? 

44.  How  would  the  full  load  speed  of  a  watt-hour  meter  be  affected, 

if  the  following  trouble  existed: 

(a)  Open,  or  short,  circuited  armature? 

(b)  Open,  or  short,  circuited  resistance? 

(c)  Open,  or  short,  circuited  shunt  field  coil? 

45.  Why   is   a   Type   M   Thomson   watt-hour   meter   armature  given   a 

quarter  turn,  on   the   shaft  with   respect  to  the .  segments,   and 
not  a  Type  C  Thomson  watt-hour  meter? 

46.  (a)   What  types  of  indicating  instruments  are  suitable  for  operation 

on  continuous  current? 

(b)  On  alternating  current? 

(c)  On  both  continuous  and  alternating  current? 

47.  Describe  the  general  characteristics  and  the  principle  of  operation 

of  each. 

48.  What  are  the  sources  of  error  resulting  from  improper  use  of  the 

following  instruments : 

(a)  Continuous   current   voltmeters   and   ammeters? 

(b)  Electrodynamometer  types  of  voltmeters,  ammeters  and  watt- 
meters ? 

(c)  Continuous   current,    rotating    standards,    and    alternating   cur- 
rent. rotatiuK  standards? 
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(d)  Milli voltmeters  with  shunts? 

(e)  Stop  watches? 

(f)  What  is  the  best  means  of  detecting  the  above  errors  and  elim- 
inating their  effect? 

49.  Describe  in  detail  the  best  methods  of  arriving  at  an  average  read- 

ing of  a  passing  load  on  an  indicating  instrument. 

50.  Describe  in  detail  the  best  methods  of  arriving  at  an  average  read- 

ing of  a  fluctuating  load  from  the  record  of  a  graphic  record- 
ing instrument. 

0 

51.  What   is  the   function  of  a  maximum   load   indicator,   and   how  ln 

it  used? 

52.  What  is  the  difference  in  the  methods  of  connecting  in  circuit: 

[a)  A  voltmeter? 

(b)  An  ammeter? 

(f)   The  current  coils  of  an   indicating  watt-meter? 

53.  Give  five  precautions  to  be  observed  by  an  assistant  in  handling  and 

setting  up  instruments  for  tests. 

54.  When  testing  with  indicating  instruments,  why  should  the  potential 

for  instruments  be  tapped  in  ahead  of  the  watt-hour  meter  un- 
der test? 

55.  If  powerful   magnets,   or   wires  carrying  heavy  currents   are  c\oit 

to  a  watt-hour  meter,  or  instrument,  will  the  accuracy  be  af- 
fected and  why? 

56.  State  how  to  test   for  effective  stray  fields  on   continuous  current 

circuits  where  the  watt-hour  meters  are  already  installed. 

57.  If  you  were  sent  to  investigate  a  consumer's  complaint  on  account 

of  a  high  bill,  how  would  you  conduct  the  investigation? 

58.  What  information  would  you  obtain  in  making  an  investigation  on 

a  consumer's  complaint,  where  the  installation  included  lamps 
motors   and    heating   appliances? 

59.  If  you   discovered  that  the  cause  of  the  abnormal   registration  in- 

volved the  theft  of  current,  what  would  you  do? 

60.  How   would   you   test   the   consumers   installation   and   circuits  for 

grounds  when  making  a  complete  test? 

61.  What  tests  would  you  make  to  determine  if  all  the  consumer's  loai! 

is  being  properly  metered,  when  the  house  wiring  is  concealed? 

62.  How   is  the  correct  consumption  of  energy  determined   if  a  wait- 

hour   meter   is   found   to   be   a   certain   per  cent   fast  or  fIow? 

63.  (a)   Show    by   sketch    the   star   and   delta   methods   of   transformer 
low-tension     winding     connections     for     three-phase     circuits 
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{b)  If  the  high-tension  winding  voltage  is  the  same  in  both  cases, 
how  will  the  low-tension  winding  voltage  compare  in  both 
methods  ? 

64.  What    precautions    should    be    taken    in    testing    watt-hour    meters 

which  operate  with  instrument  transformers?    Why? 

65.  If  an  induction  watt-hour  meter  is  calibrated   for  60  cycles,   how 

would  the  accuracy  be  affected  if  used  on  a  140  cycle  circuit? 

66.  (a)  How   will   an   ampere-hour   meter   register   on   a   single-phase, 

alternating  current  motor,  and  why? 
(6)  With  what  accuracy  will  it  register  the  true  energy? 

67.  (o)  How    will    a    single-phase    induction    watt-hour    meter    operate 

on  a  non-inductive  load  if  the  potential  coils  are  connected  to 
one  phase  and  the  current  coils  to  the  other  phase  of  a  two- 
phase  circuit? 
{b)  With   the   meter   so  connected,   how   would   an   inductive   load 
affect  its  operation? 

68.  Make  diagrams  illustrating  the  internal  connections  of  the  various 

makes  and  types  of  the  watt-hour  meters  used  by  your  com- 
pany. 
6g.  (a)  To  what  tests  should  a  watt-hour  meter  be  subjected  in  order 
to  determine  its  acceptability  as  a  type? 

(b)  What  are  the  limits  of  error  allowed  in  the  above  tests? 

(r)  What  are  the  most  desirable  characteristics  which  constitute  a 
commercially  satisfactory  service  watt-hour  meter? 

70.  Why  will  a  shunt  motor  irKrease  in  speed  when  the  field   strength 

is  decreased,  while  a  meter  will  decrease  in  speed? 

71.  Why   are    meters   not    radically    affected    by    temperature    changes? 
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Abbreviations,  8i  to  83. 
Accidents,  Report  of,  17- 
Accuroulator,  21. 

Accuracy,  average  method  of  obtaining,  564 
to  567. 
curves  for  induction  watt-hour  meter,  352, 

305- 

number   of  readings  to  determine  percent- 
age of,  367. 

obtainable  by  calibrated  resistance  method 
of  measurement,  451  to  452. 

of  testing,  367  to  369- 
Accuracy  results,  watt-hour  meter,  form  for 
monthly  tabulation  (ill.).  490. 

form  for  condensed  tabulation  (ill.)>  493- 

form  for  submission  of.  to  civic  commission, 

494. 
Adjustable  shunt  field  coils,  data  on  G2  watt- 
hour  meters,  744. 
data  on  J,JN,J-3.  PX,  D,  EN,  J  i.  D-i, 

J-2.  D-2.  740  to  743- 
method  of  placing  in  old  types  Thomson 
watt-hour  meters.  731. 
Adjustments,    commutator    type    watt-hour 
meters.  376. 
Columbia,   alternating   current    watt-hour 
meters,  998, 
continuous    current    watt-hour    meters. 
982,  984. 
Dtmcan,    alternating    current    watt-hour 
meters.  977,  978. 
continuous    current    watt-hour    meters, 
947  to  950. 
Fort  Wayne,  alternating  current,  watt -hour 

meters,  878.  883,  884. 
induction  type  watt-hour  meters.  396. 
Sangamo,   alternating   current,    watt-hour 
meters,  927,  940. 
continuous   current,   watt-hour   meters, 
920. 
Thomson,   alternating  current,   watt-hour 
meters,  789  to  792. 
continuous   current,    watt-hour   meters, 
728. 
Westinghouse,   alternating  current,   watt- 
hour  meters,  83s  to  853. 
continuous   current,   watt-hour   meters, 
8SS.  856.  860. 
Admittance,  21. 
Alive.  21. 

Allowable  errors,  table  of.  for  Standards,  271. 
Alternating  current,  21. 
average  value.  41. 

circuit,  two-wire,  single-phase,  energy  de- 
livered in.  147  to  148. 
three-wire,  single  phase,  energy  expended 

in.  148  to  rsi. 
power  expended  in.  145  to  147. 
collection  of,  21. 


I    Alternating   current,    development    of    sine 
'  wave,  22. 

for  laboratoxy  use,  192  to  194. 

generation,  22. 

generator.  24. 

how  obtained.  22. 

maximum  value.  41. 

rectification,  24. 

simple,  70. 

symmetrical,  73. 
Alternating  electromotiveforces.sinusoidal, 71. 
Alternation,  frequency  of,  45. 
Alternator,  24. 
Ammeter,  24  to  26. 

D'Arsonval  galvanometer  tyx)e,  25,  227. 

electrodynamometer  type,  25. 

electrostatic  type,  245. 

hot  wire  type,  26. 

Kelvin  balance  type.  233,  234. 

precision,  Westinghouse  type,  233 

plunger  type,  26. 

tangent  galvanometer  type,  25- 
Ampere,  definition,  27. 
Ampeie-hour,  27. 
Ampere-houx  meter,  27.  105  to  107- 

electrolytic  type,  reading  of,  540  to  542. 

Sangamo.     (See  watt-hour  meter.) 
Ampere-second,  27, 
Ampere  turn,  27. 

Amplitude  of  vibration  of  wave,  27. 
Angle.  27. 

declination.  27. 

dip,  27 

inclination,  27. 

lag  of  current.  27. 

lead  of  commutator  brushes,  27. 

lead  of  current.  27. 

phase,  64. 
Anion,  28. 
Anode,  28. 

Aperiodic  instruments.  28. 
Apparent  electromotive  force,  28. 
Apparent  power,  28. 
Apparent  resistance,  28. 
Apparent  watts,  28. 
Apron,  testers  (ill.),  486. 
Arago's  rotation  (ill.),  45- 
Armature  defects  in  watt-hour  meters,  378  to 
381. 

commutator  type  watt- hour  meters,  378  to 
381. 
Armature,  definition,  28. 

Columbia  watt-hour  meter,  983. 

drum,  39. 

'proper  relation  between  brushes  and,  387 
to  388. 

Thomson  watt-hour  meter,  734- 

Thomson  Type  CQ,  watt-hout  meter.  761. 
data  for.  738.  740. 
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Arms,  proportionate,  67. 

Artificial  light  lequired  per  month,  table  of, 

547. 
Astatic.  28. 

couple,  or  pair,  28,  29. 
galvanometer,  28,  29. 
Automatic  circuit  breaker,  29.    ' 
Auto  transformer,  29. 

seiies,  for  heavy  alternating  current  testing, 
194- 
Average  accuracy,  method  of  obtaining,  564 

to  567. 
Axes  of  coordinates,  29. 
Axis  of  magnetic  needle,  29. 

# 

Bailey's  shifting  field  motor,  109. 
Balance,  Kelvin,  description.  230  to  234. 
Balanced  load  of  system,  29. 
Balanced  resistance,  29. 
Ballistic  galvanometer,  29. 
Balls.     (See  bearings.) 
Bank  of  lamps.  30. 
Barlow's  wheel,  experiment,  60. 
Batteries,  storage,  uses  in  laboratory,  191  to 
192. 
uses  in  testing,  469  to  473. 
table  of  data,  471. 
Battery,  definition,  30. 

secondary,  69. 

storage,  73. 

storage,  series  and  multiple  arrangement, 
191. 

use  with  potentiometer,  221. 
Bearings.  Columbia,  989. 

Duncan,  947  to  950. 

Fort  Wayne,  885  to  888. 

meter,  389  to  391. 

Sangamo     w^att-hour     and     ampere-hour 
meteis.     (See  watt-hour  meters.) 

step,  389. 

Thomson,  734. 

top,  389. 

Westinghouse,  Type  C  watt-hour  meters, 
.838. 

continuous  current,  watt-hour  meters,  856. 
Bibliography,  87  to  89. 
Bifilar  suspension,  30. 

winding.  30. 
Binding  post,  30. 

Books,  pertaining  to  the  subject,  87  to  89. 
Brake,  magnc'tic,  watt-hour  meter,  127  to  129. 
Branch  conductor,  30. 
Bridge,  slide  w^ire,  71. 

Wheatstone,  30. 

Wheatstone,  description,  256  to  262. 

Wheatstone,  uses,  190  to  191. 

wire,  31. 
Brushes  of  dynamo  electric  machines,  31. 

proper  relation  to  armature  coils,  387,  388. 

types,  385. 
Brush  tool  (ill.),  386. 
Bum-out,  31. 
Busbars,  31. 

Calibrated  resistances,  245  to  246,  464  to  467. 
error  in.  283. 
how  checked,  273. 

method  of  measurement.  246  to  247. 
ecu  racy  obtainable,  24G  to  247. 


Calibrator,  see  rotating  standard. 
Capacity,  current  carrying,  table.  31- 
electric,  32- 
electrostatic,  42. 

required,  watt-hour  meter.  324  to  327. 
specific  inductive,  72. 
Capillary  electrometer,  32. 
Carbon  rheostat  (see  rheostat),  32.  473. 
Cardew  voltmeter,  32. 

Carrying  cases,  for  instruments,  480  to  4S2 
Cathode.  32. 
Cell,  dry  voltaic,  39. 
electrolytic,  32. 

standard,  fees  for  testing.  267.  268. 
storage,  73- 

storage,  uses  in  laboratory,  191  to  192. 
voltaic,  77. 
Center  of  distribution,  32. 
Charge,  3^. 
negative.  61. 
positive,  66. 
Chart,   showing   comparative   sunshine   zzi 
cloudy  weather,  548. 
showing  relative  amount  of  light  and  dark- 
ness in  different  periods  of  the  vear 
SS8. 
Check  test,  365. 

Chemical  effect  of  electricity,  94. 
meter,  Edison  (ill.),  105. 
connections  for.  139. 
Choke  coil,  32. 
Circuit.  32. 

alternating  current,  power  expended  in,  14S 

to  147. 
alternating  current,  three- wire,  single  phase 

energy  delivered  in,  148  to  151. 
alternating  current,  two-wire,  single  phase. 

energy  delivered  in,  147  to  148, 
breaker,  automatic,  29. 
continuous   current,  power    expended   ir, 
144  to  145. 
three-wire,  energy  delivered  in,   148  *.;.• 

151. 
two-wire,  energy  delivered  in,  147  to  14S 
ground,  47. 
grounded,  32. 
impedance,  SS. 
inductive,  56. 
magnetic,  58. 
multiple,  32. 
multiple  series,  60. 
open,  32. 
parallel.  32,  62. 
polyphase,  151. 
reactive,  68. 
series,  33,  70. 
series  multiple,  70. 
short,  33,  70. 
shunt,  33,  70. 
Circiiit.  three-phase,  154  to  156 
Circuits,  three-phase,  measurement  of  cnen&' 
delivered  in,  one-meter  method.  163  to 
168. 
two-meter  method.  160  to  163. 
three-meter  method,  158  to  160. 
power  in  156  to  157. 
two-phase.  151  to  154. 

energ>'  expended  in.  IS3  to  154. 
power  in,  153. 
Circular  mil,  33. 
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Civic  commission,  fees  for  testing  watt-hour 
meters,  570  to  573- 
rules,    affecting    openition    of    watt-hour 
meters,  563  to  574. 
Classes  of  electricity  meters,  105  to  108. 
Clock,  standard.  250  to  253. 
Clockwise  motion,  33- 
Closed  circuit,  32. 
Coefficient  of  inductance,  33- 
mutual  inductance,  33- 
self -inductance,  33- 
Coil,     compensation,     Thomson     watt-hour 
meter,  728. 
electric,  33. 
impedance,  55. 
magnet,  58. 
Coil,  reactance.  68. 
Coils,  potentiometer,  how   checked,   269   to 

270. 
Collector  rings,  33. 
Columbia  watt-hour  meters.     (See  watt-houp 

meters.) 
Commutator  brushes,  angle  of  lead,  27. 
cleaning,  383. 
definition.  33. 
picks.  385- 
segments,  33. 
sparking,  383. 

Thomson  watt-hour  meter,  733. 
troubles,  382  to  385. 
type  watt-hour  meter,  (ill.),  i33- 
principle,  132  to  136. 
Comparator,  242  to  244. 
Compensation     coil,     Thomson     watt-hour 
meter,  728. 
friction  130  to  132. 
Complaints,  consumers',  forms  for  handling. 
S74tos8r. 
handling  of,  549  to  553- 
investigation  of,  547  to  581. 
routine.  550. 
Complaint  test.  364. 

tests,  procedure,  554  to  561. 
data  on,  573  to  574- 
Concrete  standards,  185. 
Condenser,  33- 
Conductance,  34. 
unit  (mho.),  59- 
Conductivity,  electric,  34. 

specific,  72. 
Conductor,  34. 
branch.  30. 
negative.  61. 
Conduit,  electric,  34. 

interior,  57. 
Connecting  leads  for  calibrated  resistances, 

246. 
Connection,  delta.  38. 

Connections,  instrument  transformer,  x8o  to 
182. 
load  transformers,  173  to  180. 
testing    watt-hour    meters    (ill.).  408    to 
430. 
Consonance,  electric,  35. 
Constant,  definition,  35  to  603. 
galvanometer,  46. 
meter,  603  to  604. 
register,  716  to  719. 

deduction  of  formulas,  717  to  719- 


Constant,  test,  tables  of: 
Columbia.  707  to  713. 
Duncan,  696  to  706. 
Fort  Wayne,  658  to  687. 
Sangamo,  688  to  695- 
Thomson  (Creneral  Electric),  613  to  632. 
Westinghouse,  633  to  657. 

watt-hour,  606. 

formulas  for  finding,  714- 

watt-second,  606. 

formulas  for  finding.  715. 
Constuners'  complaints,  investigation,  547  to 
581. 

handling,  549  to  553- 
Continuous  current,  37. 
Continuous  current  circuit,  power  expended 
in,  144  to  145. 

three-wire,  energy  delivered  in,  148  to  151. 

tWo-wire,  energy  delivered  in,  147  to  148. 
Converter,  35- 
Coordinates,  axes  of,  29. 
Corrosion,  electrolytic,  35. 
Coulomb,  35. 

balance  (ill.),  94. 

meter,  35- 
Couple,  astatic,  28. 

thermo-electric,  35. 

voltaic,  35- 
Courtesy.  14  to  17. 
Creeping,  calculating  rate,  561  to  563. 

causes,  393. 

definition,  392 

prevention,  393. 
Cross,  electric,  36. 
Current,  alternating.  21. 

alternating,  laboratory  use,  192  to  194- 

carrying  capacity  table,  31. 

continuous,  37- 

definition,  36. 

density,  38. 

direct,  39. 

energy  component,  43. 

induced,  55. 

lagging,  57- 

leading.  57. 

normal.  61. 

oscillating.  62. 

ptilsating,  67. 

self-induced,  70. 

strength,  37. 

symmetrical  alternating,  73. 

unidirectional,  76. 

wattless,  78. 
component,  78. 
Currents,  eddy,  39.  44- 

Foucault,  44. 

harmonic,  48  to  50. 

heavy,  for  alternating  current  testing,  194. 

induced,  direction,  loi  to  103. 

primary,  67. 

simple  alternating,  70. 

thermo-electric,  beebeck  Law,  69,  70. 
Cunent  transformers,  289. 

checking  ratio,  290. 

fees  for  testing.  267. 
Curve,  induction  watt-hour  meter  accuracy, 
352.  395. 

for  making  instrument  correction,  271. 

sinusoidal.  71. 
Curves,  mpter  eflficiencv.  AO^  to  d07. 
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Curves,  showing  relation  of  wattmeter  read- 
ings and  power-factors,  172. 
Cut-out,  37. 
Cycle,  definition,  37. 

D'Arsonval  type  anuneter,  25. 
Dead  beat,  38*  227. 

ground,  38. 
Declination,  angle  of,  27. 
Definitions.  21  to  80. 
Demand,  38. 
Demand  factor,  38. 

Demand  indicators.     (See  maximum  load  in- 
dicators.) 
Demand,  maximum,  58. 
Determination  of  power-factor,  168  to  196. 
Devices  for  testing  armature  circuits,  382 

installation,  protective,  585  to  599- 

protective  (ill.),  587  to  590. 

terminal,  for  watt-hour  meters  (ill.),  593. 
Diamagnetic.  38. 
Diagram,  vector,  76. 

for  Port  Wayne  watt-hour  meters,  880 

to  881. 
for  Thomson  watt-hour,  791. 
for  Westinghouse  watt  hour  meters,  840. 

of  watt-hour  meter  registers  (ill.),  53 x  to 
538. 
Dials,  definition,  605. 
Dial  face,  definition,  605. 
Dial  hands,  definition,  605. 

inspection,  391. 
Dial  hand  tool,  39 1- 
Dial  train,  diagrams.  608  to  609. 

definition,  605. 
Dial  pattern,  Wheatstone  bridge,  260  to  262. 
Dielectric,  39- 
Dip  angle,  27. 

Direction  of  induced  currents,  10 1  to  103. 
Distant  dial  type  of  ampere-hour  meter,  934- 
Distribution,  two- wire  system,  144. 

three- wire  system,  145. 
Double  lagged,  879  to  881. 
Drop,  39. 
Duncan,     continuous     current,      watt-hour 

meters.     (See  meter,  watt-hour.) 
Duncan    rotating    standard.     (See    rotating 

standard.) 
Dynamo,  39. 
Dynamometer,  Siemens,  description,  230  to 

234. 

Earth  return,  39. 

Edison  chemical  meter,  connections  for,  105 

and  139. 
Effective  value,  40. 
Effects  of  electricity,  93  to  94. 
Effects  of  harmonics,  178. 
Efficiency  curves,  watt-hour  meter.  49S   to 

497- 
Electric  capacity,  32. 
Electrical  energy,  units  of,  143. 
Electricity,  dynamic,  39. 

effects  of,  93  to  94. 

frictional,  45. 

meters,  classes  of,  105  to  108. 

meters,  104  to  108. 
Electrification,  42. 
'•petrochemical,  42. 

jctrochemistr>',  42. 


Electrode,  42. 

Electromagnetic  type  of  instruments,  24^. 
Electromagnetic  induction.  99- 
Electromagnet,  42. 
Electrodynamics,  39  and  93- 
Electrodynamometer  type  ammeter,  25  ac: 
26. 

voltmeter,  233. 
Electrodynamometer  wattmeter,  237  to  24c 
Electrolysis,  42. 
Electrolyte,  42. 
Electrolytic  cell.  32. 
Electrolytic  meters,  principle,  137  to  ijo 

Hel  OS,  Bastian,  138.     . 
Electrometer,  capillary,  32. 

definition,  42. 

quadrant,  67.  94. 
Electromotive  force,  apparent,  2S. 

energy  component,  43. 

impressed,  55. 

induced,  55. 

negative,  61. 

reactive,  68. 

simple  harmonic,  70- 

sinusoidal  alternating,  71. 
wattless,  78. 
Electro-plating  ampere  hour  meter,  930. 
Electron,  42. 
Electroscope,  42. 
Electroscope,  gold  leaf  (ill.),  93- 
Electrostatics,  attraction  (ill.).  93. 
Electrostatic  anuneters,  245. 
Electrostatic  type  of  instruments,  244  to  245- 
Electrostatic  voltmeters.  245- 
Employees.  identification.  553. 
Energy    delivered    in    three-phase    circuiti, 
measurement  of. 

one-meter  method,  163  to  168. 

two-meter  method,  160  to  163. 

three-meter  method,  158  to  160. 
Energy    delivered    in    a   three-wire,    sia^z- 
phase,  alternating  current  circtiit.  I4> 
to  151. 

two- wire,  continuous  current  circtut.   n: 
to  148. 

three-wire,  continuous  current  circuit,  14s 
to  151. 

tw^o-phase  circuit,  153  to  154. 

two-wire,  single-phase,  alterxiating  currect 
circuit,  147  to  148. 

units  of  electrical,  143. 
Equipment,  for  tester,  484  to  486. 

for  testing  watt-hour  meters.  457. 

instrument  room,  of  meter  ^op.  202. 

laborator>',  188  to  208. 

laboratory,  meter  shop.  301  to  30.2. 

office,  of  meter  shop.  301, 

repair  room,  321  to  323. 

stock  room.  323. 

testing-room,  of  meter  shop.  302  to  321 
Error,  due  to  electrostatic  action,  281. 

due  to  zero  shift,  277  to  279. 

external,  279  to  283. 

how  corrected,  278. 

improper  connections,  370. 

in  calibrated  resistances,  283. 

inherent,  273  to  276. 

instnunent,  372  to  374- 

instrument  transformers.  373. 

parallax,  370. 
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Error,  personal.  369  to  371. 
reading.  281  to  282. 
scale.  373. 
shunts.  373- 
sources,  273  to  283. 
sources  of.  in  stop-watches,  282  to  2S3. 

possible,  369  to  375. 
starting  and  stopping,  371- 
static.  372. 

stray  field,  upon  instruments.  374- 
upon  rotating  standards.  374- 
upon  watt-hour  meter,  375. 
swinging  of  pointer.  372. 
table  of  allowable,  for  standards.  271. 
temperature,  372. 
zero.  372. 

how  corrected,  278. 
Expense    of    meter    department,    tabulation 

Soo  to  501. 
Experiments.  Faraday's,  43  to  44- 

Barlow's.  60. 
External  errors.  279  to  283- 

Par  ad.  43. 

Faraday  disk  principle,  917- 

experiments,  43  to  44. 
Fees  for  testing  watt-hour  meters,  by  civic 

commissions.  570  to  573- 
by  National  Bureau  of  Standards,  265  to 

269. 
Field.  44. 
density,  38. 
earth's,  39- 
electrostatic.  42,  44. 
intensity,  56. 
magnetic,  44,  58.  95* 
path  of  magnetic,  95- 
resultant  magnetic,  69. 
rotating  magnetic,  69. 
rules  for  finding  direction  of  magnetic,  95 

to  lOI. 
stray,  73 
First  dial,  definition,  605. 
Flux  density.  44. 
earth's.  39. 

intensity  of  magnetic.  56. 
magnetic.  58. 
Force,  field.  44. 

magnetomotive,  58. 
Forms,  for  condensed  tabulation  of  watt-hour 

meter  accuracy  results  (ill.).  493- 
for  entering  register  readings  of  watt-hour 

meters,  522  to  526. 
for  handling  consumers'  complaints.  574  to 

581. 
for  meter  department  expense.  500  to  501. 
for  monthly  tabulation  of  watt-hour  meter 

accuracy  results  (ill.).  490. 
for  recording  register  readings.  523  to  529. 
for  status  of  meter  stock.  498. 
for  submission  of  tabulation  of  watt-hour 

meter  accuracy  results  to  civic  com- 
mission (ill.).  494- 
for  tabulating  status  of  meter  stock.  498. 
for  watt-hour  meter  record,  50S  to  518. 
for  watt-hour  meter  test  statistics,  489  to 

501. 
Formula  for  use  with  rotating  standard.  439 

to  445. 
for  use  with  instruments,  434. 
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Formula  used  in  testing  watt-hour  meters: 
Columbia,  706. 
Duncan,  695. 
Fort  Wayne,  657. 
General  Electric.  612. 
Sangamo,  687- 
Westinghouse,  632. 
Fort  Wayne  watt-hour  meters.     (Sec    watt- 
hour  meters.) 
Foucault  currents.     (See  Current.) 
Frequency,  change  01,  steps  to  take  for  cor- 
rect metering,  399- 
effect  of.  on  meter  accuracy,  399- 
fundamental,  45. 
indicator,  description,  262  to  264. 

accuracy,  264. 
meter.  191. 
accuracy.  264. 
description,  262  to  264. 
Friction  compensation,  130  to  132- 
FuU  load  adjustment.     (See  adjustment.) 
Fuse,  electric,  45. 

Galvanometer,  astatic.  28. 
ballistic,  29. 
constant.  46. 

D'Arsonval,  37i  220  to  221. 
dead  beat.  38. 
definition.  45. 
detector.  38. 
differential,  30. 
potentiometer  use,  220. 
principle  of  (ill.),  25. 
principle  of  operation,  tangent  (ill.).  25. 
D'Arsonval  (ill.).  25. 
astatic  (ill.).  29. 
Oersted's,  single  current,  46. 
reflecting.  68. 
tangent.  73. 
Galvanoscope.  46. 
Gauss.     (See  units.) 
Clearing,  register,  606  to  610. 

simple.  607. 
Gear  ratio.  720. 

formulas  tor  finding,  721. 
definition.  605. 

method  of  obtaining  (ill.),  610. 
Gears,  inspection  of,  391. 
Generator.  46. 

alternating  current,  24. 
General    Electric,    rotating    standard.     (See 
rotating  standard. 
Thomson,    continuous    current    watt-hour 
meter.     (See  watt-hour  meter.) 
(iilbert.  46. 

Gold  leaf  electroscope.  93. 
Gradient,  electric,  46. 
Gram,  47. 

Graphic  recording  instruments,  description : 
Bristol.  1034. 
Brown,  1038. 
Estcrtine.  1036. 
General  Electric,  1029. 
Sangamo,  I033- 
Westinghouse.  1027. 
reasons  for  installing,  560  to  561. 
uses  of,  1025. 
Gr6und.  47. 
Ground  circuit.  47. 
Ground,  effect,  47. 
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Ground  return,  48. 

Ground  tests,  on  consumers'  circuits   (ill.), 

557; 

Ground  wire.  48. 
Grounding,  38. 

Handling  of  instruments,  265. 

watt-hour  meters,  327  to  328. 
Harmonic  curents,  48  to  50.  s 

effects,  178. 
Harmonics,  effect  of  higher,  50  to  52. 
Heating  effect  of  electricity,  94. 

Joule's  laws  of,  S7- 
Helios,  Bastian  electrolytic  meter,  138. 
Henry,  52- 
Horse  power,  53. 
Hot  wire  ammeter,  26. 

instrtunents,  54,  242  to  244. 

Whitney  type  (ill.),  104. 
Hysteresis,  55. 

dielectric,  39. 
Hysteretic  lag,  55- 

Identification  of  employees,  553. 

means  of,  18. 
Illusion  of  routine,  I5- 
Impedance,  55. 

coil,  879. 

components  of,  33- 
Inaccuracies,    causes    of.    commutator    t}rpe 
watt- hour  meters,  377  to  393. 
induction  type  watt-hour  meters,   397, 
398. 
Inclination,  angle,  27. 

Indicating  instrtunents,   how  checked,   270, 
271. 

wattmeters,  polyphase,  how  checked.  272 
to  273- 
Indicator,  trequency,  description,  262  to  264. 

accuracy,  264. 
Indicators,  load.      (See  maximum  load  indi- 
cators.) 

maximiun  load,  reading,  539  to  540. 
Induced  currents,  direction,  loi'to  103. 
Inductance,  55- 
Inductance,  coefficient,  33. 

coefficient  of  mutual,  33. 
Induction,  electromagnetic,  99. 

instruments.  247  to  248. 

mutual,  56. 

self,  56. 

watt-hour  meter,  principle  of,  108  to  132. 
Inductive  loads,  how  obtained  for  watt-hour 
meter  and    watt-hour  meter  testing, 
196  to  208. 
Inherent  errors,  273  to  276. 
Injuries,  personal,  17. 
Inquiry  test.  364. 
Inspection,  installation,  363,  366. 
Inspection  of  watt-hour  meters.  366 
Installation  devices,  58s  to  509. 
Installation  inspection,  363  to  366. 
Installations,  classes  of,  324  to  327. 
Installation  test,  363. 

InslallinK  wait-hour  meters  (ill.>,  337  to  347. 
Instructions  to  contractors,  Zi^- 
Instrument,  aperiodic,  28. 

box.  magnciic  shield,  482. 

carrying  ca.sos,  480  to  482. 

continuous  current,  selection  of,  228. 


Instrument,  D'Axsonval  galvanometer  tn^ 
220. 
electromagnetic  type.  248. 
electrostatic  type,  244  to  245. 
graphic   recording,  reasons  for  instal!ic^ 

560  to  s6i. 
hot  wire,  measuring,  54. 
maintenance,  269  to  273. 
room  equipment,  meter  shop,  302. 
transformer.     (See  transformer.) 
classes.  287. 

connections  of,  180  to  182. 
do  not  use  inverted.  291. 
permanency  of.  294. 
selection,  293. 
sources  of  error.  292. 
uses  of.  176. 
Instruments,  graphic  recording  uses,  1025  tx> 
1027, 
Bristol, 


^(See  maxixnam  \ca* 
indicators.) 


Brown, 

Esterline, 

General  Electric, 

Sangamo, 

Westinghouse, 
handling  carefully,  284. 
handling,  265. 
hot  wire  tyx>e,  242  to  244. 
indicating,  how  checked.  270  to  271. 
induction.  246  to  248. 
in  high -voltage  circuits.  285. 
in  large  current  circuits.  286. 
precautions  in  handling,  283  to  2S4. 
precision.   Westinghouse,  descripticn.  24c 

to  242. 
reliability,  186  to  187. 
scale  ana  indicator  t>'pe,  239  to  240. 
selection,  185  to  186. 
spacing,  287.  375- 

transfer,  secondary  standard.  240  to  242 
working,  248. 

zero  reading  type,  239  to  240- 
Investigation  of  consumers'  complaints.  S47 
to  581. 

iewel.     (See  bearings.) 
oulc.  57. 
oule's  laws  of  heating,  57- 

Kelvin  ampere  balance.  230  to  234. 
Kelvin  balance,  electrical  circuits,  103. 

principle  of  instruments,  229. 
Kilo  volt.  57. 
Kilowatt,  57- 
Kilowatt-hour,  57. 

Laboratory,  electrical  instnmients.  permaner.i 
magnet,  moving  coil  type,  225. 

Laboratory  equipment.  188  to  208. 
of  meter  shop,  301  to  302. 

Laboratory  instruments,  selection.  20S  to  29$. 

Laboratory  testing,  diagram  of  connections 
for  instrument  testing.  105. 

Lag  adjustment,  double,  for  Thonisoa  Types 
I  and  1-8  meters.  811  to  812. 

Lag  of  current,  angle  of,  27. 

Lag,  hysteretic.  55^ 

Lamp  banks.  457  to  458. 

Lamp,  bank,  30. 
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Law.  Lenz's,  57.  loi. 

Ohm's.  61,  227. 

Seebeck,  70. 

sine.  71- 
Laws  of  heatiiiR,  Joule's,  57- 

thermo-electric,  73. 
Lead  of  commutator  brushes,  angle  of.  27- 

of  current,  angle  of,  37. 

positive,  66. 
Leads,  connecting,  for  calibrated  resistances. 
246. 

shunt.  227. 
Length,  unit  of.  mil,  59- 
Lenz's  law,  57.  101. 
Light  load  adjustment,  Thomson  watt-hour 

meter,  728. 
Lines  of  magnetization,  57- 
Load,  57. 

Load  box.  The  United  Elec.  Light  Sc  Power 
Company's.  460. 

The  Philadelphia  Electric  Company's,  462 
to  464. 

Universal.  478  to  480. 
Load  devices,  457  to  486. 
Load  indicators,  maximum,  1005  to  1025. 

reading.  53?  to  540. 
Load,  artificial.  57. 

means  of  obtaining  inductive,  for  testing 
purposes,  196  to  208. 

normal,  57. 

secondary,  289. 

system,  balanced,  20. 

transformer.  57.  • 

Load  transformers,  connections,  173  to  I79- 

uses,  174. 
Loads,  phantom,  474  to  476. 
Location  of  te^  constant  on  meter.  61 1  to  612. 
Location  of  watt-hour  meters.  337  to  347. 
Lodestone,  95. 
Low  power-factor,  watt -hour  meter  'testing 

with,  196  to  208. 
Low-tension,  58. 

Low  voltasfc  transformer  used  for  testing,  477 
to  478. 

Magnet,  58.  94- 

damping,  37. 

fieid.  44. 

permanent,  64. 
Magnetic  bralce,  watt-hour  meter.  127  to  129. 

circuit,  58. 

effect  of  electricity,  94. 

field,  95- 

flux  intensity,  56. 

needle  axis,  29- 

needle,  dipping.  39-  I 

path.  95-  I 

reluctance.  Oersted,  61.  ' 

resultant,  69 

rotating  69. 

rules  for  finding  direction,  95  to  roi.  1 

stray,  73- 
Magnetism,  58.  94. 

residual.  68. 

lines,  57. 
Magnetomotive,  force.  58.  i 

Maintenance  of  instnunents.  269  to  273. 
Manganin.  223- 

Master  standard  for  measurement  of  time, 
251  to  254. 


Maxicator.  description,  1022  to  T024. 
Maximum  load  indicator  (ill.),  539. 

reading  of,  539  to  540. 
Maximum  load  indicators,  uses,  1005. 
definition,  1005. 
types,  1005. 

Maxicator,  1022  to  1024. 

Polyphase  maximum  watt  demand,  1008 

to  1012. 
Printometer,  1012  to  1021. 
Universal  maxometer,  1024  to  1025. 
Wright  demand.  1006  to  1008. 
Measurement  of  energy  delivcel  in  a 

three-phase    circuit    with    two    watt-hour 

meters  (ill.).  160. 
three-phase,  four-wire  circuit  with  three- 
phase,  four-wire  watt-hour  meter  (ill.), 
164. 
three-phase,   four-wire   circuit   with   three 
phase,  three-wire  watt-hour  meter  and 
mstrument  transformers  (ill),  165. 
three-phase,  four-wire,  star  connected  cir- 
cuit, with  three  watt-hour  meters  (ill.), 

157. 

three-phase,  three-wire  circuit,  from  which 
also  is  taken  single-phase  current  at 
one- half  the  potential  of  the  circuit 
(ill.),  166. 

three-phase,  three- wire,  delta  connected 
circuit,  with  three  watt-hour  meters 
inserted,  into  the  coil  circuits  (ill.), 
ISO. 

three-phase,  three-wire,  star  connected  cir- 
cuit with  Y-box  and  three  watt-hour 
meters  (ill.),  158. 

three-phase  circuits,  one  meter  method,  163 
to  168. 
two-meter  method.  160  to  163. 
three-meter  method.  158  to  160. 

three-wire  circuit  with  two  watt-hour 
meters.  149. 

three-wire  circuit  with  three-wire  watt  hour 
meter,  with  potential  element  con- 
nected to  the  neutral,  149. 

three-wire  circuit  with  three-wire  watt- 
hour  meter,  with  potential  element 
connected  between  the  outer  wires, 
ISO. 

two-phase  circuit  with  one  watt-hour  meter, 
for  balanced  load  only  (ill.).  I53- 

two-phase  circuit  with  two  watt-hour 
meters  (ill.),  153- 

two-phase  circuit  with  one  two-phase  watt- 
hour  meter  (ill.),  IS4- 

two-wire  circuit  with  watt-hour  meter  con- 
nected in  underground  side,     147. 

two-wire  circuit  with  watt-hour  meter  hav- 
ing two  separated  current  coils,  147. 

two- wire,  continuous  current  circuit  with 
shunted  type  watt- hour  meter,  148. 

two-vfire,  alternating  current  circuit  with 
current  transformer  and  watt-hour 
meter.  148. 
Measurement  of  potential  difference,  poten- 
tiometer, 208. 
Measurement  of  power,  or  energy,  delivered 
in  a 

three-phase,  three-wire  circuit  with  instru- 
ment transformers  and  two-meter 
method  uH),  180. 
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Measurement  of  power,  or  enexgy,  deliveied 
in  a 
three-phase,  three-wire  circuit  with  instru- 
ment   transformers    and    three-meter 
method  (ill.),  181. 
Megohm,  58. 

Mercury  meters,  Sangamo.   (See  meter  watt- 
hour.) 
Mercury  motor  meter,  principle  of,  136  to  137. 
Meter,  ampere-hour,  27,  105  to  107. 
application  of,  939  to  932. 
distant  dial  type,  934- 
Sangamo  mercury',  693  to  69s,  928. 
with  different  shunt,  930. 
with  simple  shunt.  929. 
chemical  Edison.  105. 
coulomb,  35. 

department  expense  tabulation,  500  to  301. 
efficiency  curves,  495  to  497. 
electricity,  42,  59,  104  to  108. 

reliability.  354. 
electrolytic,  principle,  137  to  i39- 
frequency,  191. 
accuracy,  264, 
description,  262  to  264. 
Metering.     (See  measurement  of  energy.) 
Metermen,  questions  for,  1053  to  1059. 

relation  to  consumers,  13  to  18. 
Meter,  mercury  motor,  principle,  136  to  137. 
operation  of  watt-hour,  civic  rules  affecting, 

563  to  574- 
power-factor,  264.  191. 
single-phase.  264. 
two-  and  three-phase,  264  to  265. 
revolutions.  59. 
rotating  standard,  59. 
routine  of  handling  watt-hour,  337  to  338. 
shop,  301. 

instrument  room  equipment,  302. 
laboratory  equipment,  301  to  302. 
office  equipment,  301. 
watt-hour.  78.     (See  also  watt- hour  meter.) 
(Columbia,  alternating  current  (ill.),  99S 
to  1002. 
connection,  diagrams,  looi. 
constants,  711  to  713. 
data,  1000. 

description,  977  to  979. 
dimensions.  1002. 
motor  element,  996. 
registers,  cyclometer,  986. 
test  formulas,  706. 
continuous  current,  981  to  994. 
connections,  internal  diagram,  982, 

991.  992 
commutator,  984. 
constants,  707  to  710. 
data,  987. 

desciiption,  981  to  990. 
dimensions.  993,  994. 
registers,  cyclometar,  986. 
shield.  985. 

stunted  type.  988,  989. 
test  formulas,  986. 
Duncan,  alternating  current  (ill.),  977  to 
978. 
connections,  external,  diagram,  979. 

internal,  diagram,  979. 
constants.  705  to  706. 
data.  078. 


Meter,  watt-hour,  Duncan,  cltematins  or- 
rent,  description,  977. 
dimensions,  980. 
test  formulas,  695. 
continuous  current.  947  to  977- 
connections,  external,  diagram,  963 
to  966. 
internal,  diagram,  94S.  q6i.  96J 
constants,  704  to  996. 
data,  958. 
description,  947. 
dimensions,  968  to  971. 
Illustrations.  949  to  97 1 . 
instructions  for  installing,  aajustiai 

etc.,  972  to  977- 
meicury,  955- 

shunted  type.  952,  953.  963. 
Fort  Wayne,  alternating  ciiricnt   «.iL!  . 
884  to  893- 
connections,  external,  dlagraio.  ^,- 

to  912. 
constants,  658  to  687. 
data,  897- 

description,  877  to  916. 
dimensions,  913  to  916. 
high  torque.  887.  890.  891. 
instructions  for  installing.  89$- 
low  torque.  885.  890.  891. 
significance  of  form  letters,  896 
test  formulas.  657.  888.  895. 
capacity  required,  324  to  327. 
forms  of  records,  506  to  518. 
handling  of,  327  to  328. 
how  to  read,  529  to  S39* 
Duncan.  S3i  to  S35- 
Fort  Wayne.  S3S  to  537- 
Westinghouse.  537- 
installing,  337  to  347- 
locations,  337  to  347- 
numbering.  328  to  336. 
reading,  521  to  544- 

Duncan  modil  A.  531  to  S35- 
Fort  Wayne,  type  K,  535  to  537- 
Westinghouse,  537. 
Sangamo  alternating  current  connectkc^ 
external,  diagram.  946. 
constants.  688  to  693- 
data.  925. 

description,  938  to  942. 
dimensions,  946. 

test  formulas,  687  to  937,  938.  9*1 
mercury  motor   (ill.).    919.   923  "■ 
93S. 
description.  9i9- 
continuous  current.  917. 

causes  of  inaccuracy.  942.  945. 
connections,  internal  diagraxn,  0:1. 

927.  929,  930. 
constants,  695. 
data,  923. 

description.  917  to  941. 
motor  element,  9i9- 
test  formulas.  935 • 
specifications    for   acceptance.    1043   t^ 

1050. 
suggestive  list  of  requirements.  1047  t» 

1050. 
testing.  3SI. 
testing  equipment.  457. 
testing,  in  testing  room.  332  to  321. 
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"Meter,  watt-hour,  Thomson  (General  Elec- 
tric), alternating  current  (ill.).  793. 
794.  796,  797  to  799.  802  to  80s. 
connections,  external,  diagram,  812 
to  835. 
intemtd,  diagram,  790. 
constants,  621  to  632. 
data,  807  to  810. 
description,  728,  789  to  835. 
dimensions,  826  to  834. 
significance  of  form  lettezs,  793- 
test  formulas,  612. 
continuous  current  (ill),  754  to  765. 
connections,  external,  diagram,  750, 
751.  769. 
internal,  diagram,  769  to  778. 
constants,  613  to  620. 
data,  738  to  749.  764  to  766. 
description.  750  to  765. 
dimensions.  783  to  788. 
resistance.     (See  resistance.) 
significance  of  form  letters,  728,  75^- 
test  formulas,  612,  737. 
types,  108. 

Westinghouse  alternating  current   (ill.), 
842  to  852. 
connection  diagram,  863  to  869. 
constants.  636  to  652. 
data,  854  to  862. 
defects  causing  inaccuracy,  853. 
description,  835  to  841. 
dimensions.  872  to  875- 
test  formulas,  853  to  632. 
continuous  current  (ill.),  857  to  861. 
connections,  external,  diagram,  870 
to  871. 
internal  diagram,  870  to  871. 
constants,  652  to  657. 
data.  862. 

description,  855  to  862. 
dimensions,  855  to  876. 
test  formulas.  632,  857.  860. 
Meter  readers,  qualifications.  542  to  544. 
Meter  shop,  testing  room  equipment,  302  to 

321. 
Method,  zero,  80. 
Mho.  59. 

Micrometer  adjustment.  Fort  Wayne  watt- 
hour  meters, 
full  load.  888. 
light.  888. 
Microfarad.  59. 
Mil.  59. 
Mil.  square.  72. 
Mil -foot.  59. 
MilUampere,  59. 
Millihenry,  59. 
Millivolt.  59. 
Milli voltmeter.  227. 
Millivoltmeter.  for  current  measurement,  224. 

uses  of.  190. 
Monophase,  7i- 
Motion,  clockwise,  Zi. 
Motor,  59. 

Bailey's  shifting  field.  109. 
first  elementary,  59. 
Motor  generator,  60. 
for  alternating  current  laboratory  testing, 
192,  T93. 
Motor,  induction,  60. 


National  Bureau  of  Standards,  fees  for  tests, 

265  to  269. 
Negative  conductor,  61. 
Nomenclature,  81  to  86. 
Numbering  watt-hour  meters,  328  to  336. 

Oersted,  61 

experiments,  46. 
Office  equipment  of  meter  shop,  301. 
Ohm,  61. 

Ohm's  law,  61,  227. 
Oil,  use  in  watt-hour  meters,  391. 
Oi)eration  of  watt-hour  meters,  civic  com- 
mission rules  effecting.  563  to  574. 
Ordinate,  62. 
Oscillograph,  62,  265. 

Pair,  astatic,  28. 

Panels,  testing,  313  to  31 7- 

Paster  for  altering  value  of  divisions  of  right 

hand  dial  (ill.).  526. 
Path  of  magnetic  field,  95. 
Peak,  instantaneous,  56. 
Peltier  effect.  62. 
Percentage  of  accuracy,  computation,  368. 

determination.  367. 
Period.  62. 

Periodicity,  frequency,  45- 
Periodic  function,  63. 

tests.  355. 
Permeability,  magnetic,  58. 
Personal  equation.  64. 

errors.  453. 
Phantom  loads.  474  to  476. 
Ph.  se  angle.  64. 

shifter,  potential.  318  to  322. 
Phase,  split,  72. 

Phase  splitting  device.  64  to  65. 
Phase,  wire.  64. 

Physiological  effects  of  electricity.  94. 
Pinion,  on  shaft.  301. 
Pivots.     (See  Bearings.) 
Plates,  earth,  39. 

for  numbering  watt-hour  meters,  331. 

ground.  39. 
Plunger  type,  amn:eter.  26. 
Polarity,  64  to  66. 
Pole,  consequent.  34. 

magnetic.  58. 

negative.  61. 

positive.  66. 
Polyphase      indicating      watt -meters,      how 

checked.  272  to  273 
Polyphase  watt-hour  meters,  methods  of  ob- 
taining correct  connections,  400  to  405. 
Polyphase  circuit,  151. 

uses  in  watt-hour  meter  and   watt-meter 
testing,  196. 
Post-office  form  of  Wheatstone  bridge,  259  to 

260. 
Potential,  electric,  66. 

electrostatic.  43. 
negative.  61. 
Potential  phase-shifter.  319  to  321. 
Potential,  zero,  80. 
Potentiometers.  208  to  224. 

accuracy  attainable,  208. 

best  for  central  station  laboratory,  215. 

Brooks'  deflection  type.  218. 
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Potentiometers,  insulation  of  accessories  to 
prevent  errors.  217  to  218. 
for  measurement  of  current,  209,  223. 
for  measurement   of  potential   difference, 

208. 
for  measuring  very   low  potential  differ- 
ences, 211. 
portability,  216  to  219. 
Potentiometer,  range,  211. 
for  switchboard  testing,  219. 
for  use  in  commercially  steady  circuits,  218. 
Potentiometer  coils,  how  checked,  269  to  270. 
Potentiometer  type,  standardizing  set,  219. 
Power,  66. 

Power,  expended  in  an  alternating  current 
circuit,  145  to  157. 
expended  in  a  continuous  current  circuit, 
144  to  145- 
Power-factor.  66. 

accuracy  curves  for  watt-hour  meters,  395- 
curves     showing    relation     of     wattmeter 

reading,  172. 
how  determined,  168  to  176. 
meter,  191,  264. 
single-phase.  264. 
two-  and  three-phase,  264  to  265. 
Power,  in  a  two-phase  circuit.  152. 

in  a  three-phase  circuit,  156  to  157. 
Precautions,  in    handling  instnunents,    283 

to  284. 
Precision  ammeter,  Westinghouse.  233. 
Precision    instruments,     Westinghouse,     de- 
scription, 240  to  242. 
Precision  resistance  apparatus,  fees  for  test- 
ing, 256. 
Precision  voltmeter,  Kelvin  balance  type,  188. 

wa:cmeter,  dynamometer  type,   189. 
Prepayment    watt-hour    meter.     (See    w^att- 

hour  meter.) 
PrepajTnent  watt-hour  meter,  Thomson,  con- 
tinuous current,  759. 
Primar>'.  67. 

coil  of  transformer,  67. 
standards,  188. 
tests,  295. 
Principle,  commutator  type  watt-hour  meter, 
132  to  136. 
electrolytic  meters,  137  to  139. 
induction  watt-hour  meter,  108  to  132. 
mercury  motor  meter,  136  to  137. 
Priniometer,  uses,  10 12. 

types,  roi2  to  1025. 
Protective  devices.  585  to  599. 

applied    to    various    types    of    watt-hour 
meters  (ill.),  587  to  590. 
Publications  pertaining  to  the  subject,  87  to 
89. 

Quadrant  electrometer  (ill.),  94. 

Quadrature,  67. 

Quarter-phase,  67. 

Questions  for  mctermen,  1053  to  1059. 

Racks  for  storing  watt-hour  meters  (ill  ).  323. 
Rate  of  creeping,  calculations,  561  to  563. 
Ratio  curves,  current  transformers,  291. 
Ratio,  formula  for  finding,  721. 

gear.  720. 

gear  definition,  605. 

register,  720. 


Ratio,  register  definition,  605. 

shunt.  70. 

transformation,  67. 
Reactance,  inductive,  s6,  67. 
Reading    ampere-hour    meters.     electroi>T.. 

type,  S40  to  542- 
Reading  maximum  load  indicators.   539  v 

540- 
Reading  routine,  watt-hour  meter  diagrxr. 

543. 
Reading  of  scrx-ice  watt-hour  meters.  551  t.' 

544. 

Duncan.  S3i  to  535- 

Fort  Wayne.  S35  to  537. 

Westinghouse.  S37- 
Records,  watt-hour  meter,  506  to  318. 

forms  of,  50S  to  518. 
Recording  instruments,  graphic,  reasons  fee 
installing.  560  to  561. 

uses  of,  1025  to  1027. 
Rectification  of.  alternating  currents.  24. 
Referee  test,  366. 

Register,  for  ampere-hour  meter.  Sangamc 
693  to  695. 

cyclometer,  392. 

definition.  605. 

inspection  of.  39 1- 

recent  tyi)es  of  Thomson  meters.  752. 

Sangamo  ampere-hour  meters.  693  to  695 

Sangamo  watt -hour,  with  test  dial   (III.  . 

941 
standard,  definition.  605. 
Thomson  watt-hour  meter,  728.  752. 
watt-hour  meter,  diagram  of.  531  to  53*. 
Westinghouse,    alternating    current    watt- 
hour  meter,  837. 
Register  constant,  deduction  of  fcrmulas.  T'" 
to  719- 
definition,  605. 
formulas  for  finding,  717. 
necessity  for,  716  to  719- 
Register  gearing,  606  to  610. 
Register  ratio,  720. 
definition,  605. 
location  on  meters,  720. 
Register  reading,  definition.  60s. 
forms  for  recording.  523  to  529. 
watt-hour  meter,  forms  for  entering,  izi 
to  526. 
Registration,  definition,  605  to  606. 
Relation  to  consumers,  mcterxaan's,  ij  t.»  :• 
Reliability  of  instruments.  186  to  187 
Reluctivity,  68. 

Repair  room,  equipment,  321  to  323 
Repair  test,  365. 
Reports.  87  to  89. 
Requirements  of  watt-hour  meters,  suggestr. 

list.  1047  to  1050, 
Resistance  apj^aratus,  precision,  fees  for  tes*- 

ing,  266. 
Resistance,  68. 
apparent,  28. 
balanced,  29. 

Thomson  watt-hour  meter,  data.  745  :■' 
749. 
Resistance  boxes,  for  current  and  voltage  oi«- 

trol.  19s. 
Resistance,  calibrated,  245  to  246.  465. 

calibrated,  used  by  Edison  Electric  Con:- 
pany  of  Boston.  464  to  467 
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Resistance,  heavy  current,  19a. 

how  checked.  273. 

insulation,  56. 

joint,  57- 

method  of  measurement,  accuracy  obtain- 
able. 246  to  247. 

of  millivoltmeter  and  shunt  combined,  228. 

ohm,  unit.  61. 

specific,  72. 
Resistance    standards,  applied  to  potentiom- 
eter for  current  measurement,  20>  to 

223- 

capacity  of.  for  potentiometer  work.  244. 

fees  for  testin^j,  256. 

material  for  construction,  manganin,  223. 

mil-foot.  59- 
Resistance  standard,  number  to  provide.  224. 
Resonance,  68. 
Resultant,  sine  wave  (ill.)*  63. 
Revolutions,  standard,  72. 

meter,  59. 
Rheostat,  carbon,  32,  473- 

for  current  and  voltage  control,  I95- 

testing,  458  to  460.  463  to  467- 
Cutler-Hanmier,  461  to  462. 
Oeneral  Electric ,  458  to  460. 
Ward  Leonard,  460  to  461. 

water,  467  to  469. 
Rollinson  testing  set,  476  to  477. 
Rotating  standard,  59- 

connections,  77  x  to  782. 

description  of,  248  to  251. 

diagram  of  connections.  808  to  810. 

Duncan.  956,  967. 

equipment  for  testing,  303. 

Fort  Wajnn  c,  i^7. 

General  Electric,  764,  771,  779  to  781,  806. 

h  ow  checked.  272. 

Mowbray,  251,  438. 

Sangamo,  942  to  943* 

table  for  use  with,  440  to  442. 

Thomson  alternating  current,  views  of.  806. 
807. 

Thomson,  continuous  current.  764  to  765. 
connections,  771  to  782. 
uses  of.  i9'3- 
Routine,  of  complaints.  550. 

of  handling  watt-hour  meters  (ill.),  337- 

the  illusion  of,  15. 

watt-hour  meter  reading  (ill.),  543. 
Rules,  civic  commision,  effecting  operation  of 
watt-hour  meters,  563  to  574. 

for  testing  watt-hour  meters  on  consumers' 
premises,  360  to  363. 

Sangamo  ampere-hour  meters,  693  to  695- 

table  of  data,  695- 
Sangamo,  rotating  standard  (ill.).  943. 

connections,  943. 
Sangamo  watt-hoiu-  and  ampere-hour  meters 

(see  watt-hour  meter),  917. 
Scale  and  indicator  type  of  instruments,  239. 

240. 
Scale,  uniform,  methodsused  for  obtaining.  236. 
Scale     for     watt-hour    meter.     Philadelphia 

Electric  method  of  testing,  446. 
Sealing  of  watt-hour  meters,  591  to  599. 
Seals,  details  of  lead  types  (ill.).  598. 
lead  pipe  type  (ill.),  599- 
tVOeS  of.  J502  to  soo. 
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Seals,  various  types  (ill.),  594  to  597. 
Secondary,  69. 

alternating  current,  229. 

continuous  current,  229. 

how  checked.  270. 

load,  289. 

standards.  188  to  189. 

standard  transfer  instrtonents,  240  to  242. 
Seebeck  law,  69. 

Selection  of  instruments  and  standards.  185. 
Self-induction.  70. 

coefficient  of,  33- 
Sensibility  of  a  Wheatstone  bridge,  262. 
Shop,  meter,  301 . 

instrument  room  equipment.  302. 

laboratory  equipment,  301  to  302. 

office  equipment.  3or. 

testing-room  equipment,  302  to  321.' 

testing,  watt-hour  meter,  equipment,  196. 
Short  circuit.  70. 

in  commutators  of  watt -hour  meters.  383. 
current  coils  of  commutator  witt-hour 
meters,  387. 

induction  meter,  ciurent  coils,  397. 
potential  coils,  397- 
Shunt.  70. 
Shunt,  differential.  930. 

for  current  measurement.  224.  227. 

galvanometer,  46. 

ratio.  70. 
Siemens  dynamometer,   description,    230   to 

234. 
Simple  harmonic  motion,  71. 

periodic  motion,  71. 
Sine  law,  71. 

wave,  resultant,  63. 

(ill.),  22. 
Single-phase,  71- 

system   of   distribution    with   load    trans- 
formers (ill.),  173. 
Sinusoidal  curve,  71. 
Sleeve,  connecting,  34. 
Slide  resistances,  tor  voltage  control,  I9S- 

wire  bridge.  71. 

type  of  Wheatstone  bridge,  260. 
Solenoid,  71,  99- 
Sources  of  error,  273  to  283. 
Specifications   for   acceptance   of  watt-hour 

meter  types,  1^43  to  1050. 
Specific  conductivity,  72. 
Square  mil.,  72. 

Standard  cell,  applied  to  potentiometer,  208 
209. 

best  type,  220. 

cells,  fees  for  testing,  267. 
number  to  provide,  220. 
Standatdized  symbols,  meter  constants.  604. 
Standardizing  set,  potentiometer  type.  219. 
Standard,  master,  for  measurement  of  time, 
description.  251  to  254. 

foi  measurement  of  time.  190. 

meters.     (See  rotating  :.tandaid.) 

register,  definition.  605. 

revolutions,  72. 

rotating,  description,  248  to  251. 

secondary,  how  checked.  270. 

transfer  instruments.  240  to  242. 

uses  of,  190. 
Standards,  concrete,  185. 

orimarv.  188. 
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Standa'-ds,  resistance,  fees  for  testing,  266. 

rotating,  how  checked.  272. 

secondary,  188  to  189. 

selection.  185. 

working,  189. 
Starting  current,  394. 
Statistics  of  meter  tests,  489  to  soi. 
Step-down  transformers,  uses  in  testing,  473 

to  474- 
Stock,  meter,  form  for  tabulating,  status  of 

(ill.).  498. 
Stockroom  equipment,  323. 
Stop  watches,  accuracy  of.  254  to  256. 

how  checked,  270. 

sources  of  error  in,  282  to  283. 

uses  of,  190,  254. 
Storage  batteries,  69,  73- 

portable,  for  meter  testing,  470,  472,  474. 

table  of  data,  471. 

uses  in  laboratory.  191  to  192. 

uses  in  testing.  469  to  473. 
Storage  cell.  73. 
Storage  of  meteis,  rack, '323. 
Strain,  dielectric,  39. 
Stray  field.  73. 

effect  upon  instruments,  286. 

neutralizing  effects  of,  for  instrument  test- 
ing, 19s 
Suspension,  bifilar,  30. 

damping,  37. 
Symbols.  83  to  86. 

standardized,  meter  constants.  604. 
Synchronism.  73. 
System,  alternating  current,  143, 

continuous  current,  142. 

delta,  three-phase.  38. 

quarter-phase,  two-phase.  67,  151. 

single-phase.  14s. 

star,  three-phase.  72. 

three-phase,  154. 

three-wire,  74,  146. 

two-wire.  76.  145. 

Table  of  allowable  errors  for  standards,  271. 
commutator  meter  troubles,  397. 
current   carrying  capacities,   31, 
induction  meter  troubles,  397. 
ratio,  standard  revolutions  to  meter  revo- 
lutions, 440  to  442. 
showing  number  of  hours  artificial  light  is 
needed,  S47. 
Tables  of  corrections  for  instrument  trans- 
former ratios.  297.  298. 
for  use  with  calibrated  resistance  method, 
452 
Tangent    galvanometer,   principle   of   opera- 
tion (ill.),  25. 
type  ammeter,  25. 
Terminal  devices  for  watt-hour  meters  (ill.). 
593. 
negative,  61. 
Terminology.  21  to  80. 
Test,  acceptance.  358. 
check.  3O5. 
complaint,  364. 
Test  Constant,  definition.  606. 
location  on  meter.  611,  612. 
constants  of  watt-hour  meters,  tables  of: 
Columbia.  707  to  713. 
Duncan.  696  to  706. 


Test  constants  of  watt-hour  meters,  tables -« 
Fort  Wayne,  658  to  687. 
General  Electric,  613  to  632. 
Sangamo.  688  to  693. 
Westinghouse,  633  to  657. 
Test  dial,  definition,  605. 
Test,  complaint,  procedure,  554  to  561. 
data  on,  573  to  574. 
fees  for,  by  National  Bureau  of  Standards 

265  to  269. 
inquiry,  364. 
installation,  363.  364. 
laboratory,  358  to  363. 
meter.     (See  rotatin^^  standard.) 
of  meters  on  consumers'  premises,  object  cr. 

360. 
on  consumers'  premises,  rules  for  prooedorr 

360  to  363. 
order  of  work  for  commutator  type  mefiei 

376. 
periodic.  355- 

polyphase  watt-hour  meter.  39S. 
primary,  295. 
referee,  366. 
repair,  365. 

schedules  for  watt-hour  meters.  356. 
statistic  forms,  489  to  501. 
watt-hour  meter,  classes  of,  358. 
calibrated  resistances.  451  to  453. 
diagrams  of  connections.  40S  to  430. 
indicating  instruments,  433  to  436. 
rotating  standards,  switch  method.  4J' 

to  443- 
Philadelphia  Electric  method.  443  to  4^a- 
Wheatstone    bridge    method    for   bnv 
capacity  meters,  449  to  451. 
meter  methods,  433  to  453. 
Tester's  apron  (ill.),  486. 
equipment,  484  to  486. 
Testing,  alternating  current  watt-hour  xztetzn 
396  to  406. 
circuits,  for  instrrmient  testini;^.  195. 
Testing,  on  consumers'  premises,   walt-hosr 
meters  with  transformers.  40s  to  Aflr, 
method  of  loading,  406. 
determining,  correction  curve,  288.  2<«" 

407. 
continuous    current,     commutator     waf- 

hour  meters,  37S  to  396. 
equipment,  watt-hour  meter.  457. 
formulas,  watt-hour  meter: 
Columbia,  706. 
Duncan,  695. 
Fort  Wavne,  657. 
(jeneral  Electric,  613. 
Sangamo,  687. 
Westinghouse,  63a. 
laboratory,  diagram  of  circuits  for  war. 

hour  meters,  197- 
panels.  313  to  317. 

for  watt-hour  meters,  316,  317. 
plugs  (ill.).  591. 

diagram   of  connections   indicating  the 
use  of.  592. 
Rheostat.s.     (See  rheostat.) 
Cutler-Hammer.  461  to  462. 
General  Electric,  458  to  460. 
Ward  Leonard,  460  to  461. 
Testing  room  equipment,  meter  shop.  302  t 
^21. 
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Tesiini:  room  equipment,  in  shop,  connection 
diagram,  305  to  31S- 
sct.  RolTinson,  476  to  477- 
three-wire  watt-hour  meters,  394- 
watt-hour  meters,  civic  commission  fees, 
S70  to  S73. 
on  low  power-factor,  means.  196. 
meter  in  testing  room,  303  to  321. 
Tliermo-electric  couple,  35. 

laws,  73. 
Thermometer,  electric.  74. 
Thomson,     continuous     current     watt-hour 
meter.     (See  watt-hour  meter.) 
effect,  74- 

induction    watt-hour   meter.     (See    watt- 
hour  meter.) 
recording    watt-nour   meter,    diagram    of 
connections,  750. 
Three-phase,  74- 
circuit,  154  to  156. 

circuits,  measurement  of  energy  delivered 
in: 
one-meter  method.  163  to  168. 
two-meter  method.  160  to  163. 
three-meter  method.  158  to  160. 
circuit,  power  in,  156  to  157. 
six-wire    circuit     with     the     three-phases 

separate  (ill.).  154. 
system,  delta.  38. 

star.  73. 
three-wire  circuit,  star  connected  (ill.),  155. 
delta  connected  (ill.),  15s. 
connected  delta  at  generating  and  star 
at  receiving  end  (ul.),  156. 
three-wire  system  of  distribution  with  load 
transformers  connected  delta-delta  and 
star-star  (ill.).  176. 
three-wire  system  of  distribution  with  load 
transformers  connected  delta-star  (ill.), 
^      177. 

three-wine  system  of  distribution  with  load 

transformers    connected     single     and 

three-phase  on  same  system  (ill.),  175. 

three-wire  system  of  distribution  with  load 

transformers  connected  star-delta  and 

open-delta  (ill.),  178. 

transmission.  74. 

Three-wire  system  of  distribution  (ill.).  145. 

Tools  and   appliances,  for  watt-hour  meter 

tester,  483. 
Torque.  75. 

starting.  73- 
Torque  of  a  watt-hour  meter.  131  to  136. 
Train,  dial  (ill.).  608  tc  6oq. 
Transfer  instruments,  secondary  standards, 

340  to  343. 
Transformation,  ratio  of,  67. 
Transformer,  75- 
auto-.  39. 
current.  37.  389. 
checking  ratio,  390. 
fees  for  testing,  367. 
formula    for    determining    the    calibration 

curve.  296. 
instrument,  diagram  showing  direction  of 

current  in  watt-hour  meters,  65. 
load.  57.  194.  474.  476  to  478. 
low-voltage  used  for  testing,  477  to  478. 
primary  coil,  67. 


Transformer,  rotary,  35. 
step-down,  73. 
step-up,  73- 
voltage,  288. 

checking  ratio  of,  388. 
Transformers,  classes  of  instrument.  387. 
for  watt-hour  meters,  frequency  of  test, 

406. 
instrument,  connections.  180  to  183. 
I>ermanency,  406. 
uses,  176. 
load,  connections,  173  to  179- 

uses.  176. 
step-down  uses  in  testing.  473  to  474- 
volta^,  fees  for  testing.  368  to  369. 
Transmission,  three-phase.  74- 
Troubles,     commutator     type,      watt-hour 
meters,  table  of,  377. 
induction  meters,  table  of,  397- 
Two-phase,  75. 
circuit,  151  to  154. 

energy  expended  in,  153  to  IS4- 
power  in,  152. 
four-wire    circuit    with    the    two    phases 

separate  (ill.),  150. 
four-wire  interconnected  circuit  (ill.),  152. 
four-wire  system  of  distribution  with  load 

transformers  (ill.),  i75- 
quarter-phase.  67. 
three-wire  circuit  with  common  return  wire 

(ill.).  151. 
three-wire  system  of  distribution  with  load 
tran^ormers  (ill.),  i74- 
Two-wire  system  of  distribution  (ill.),  145. 
Types  of  meters,  108. 
significance  qf  letters  used,  Thomson  watt- 
hour  meters,  752,  793. 

Uniform  scale,  methods  used  for  obtaining, 

336. 
Uniphase,  71. 
Units,  84  to  86. 
electrical,  85  to  86. 

energy,  143. 
electromagnetic,  43. 
fundamental,  45,  84. 
geometrical,  84. 
magnetic.  84.  85. 
mechanical,  84. 
.  practical.  67,  84  to  86. 
Universal  load  box  used  for  testing,  478  to  480. 
Maxometer,  description,  1024.' 

Vector,  76. 

diagram,  76 

sum,  76. 
Vernier,  for  null  type  instalment .  341. 
Vibration  of  wave,  amplitude  of.  27. 
Volt.  77. 
Voltage.  77. 
Volt-amperes.  38. 
Voltage  transfcirmer.  288. 
checking  ratio,  288. 

transformers,  fees  for  testing.  368.  269. 
Voltaic  couple,  35. 
Voltameter.  77. 

silver.  70. 

sulphuric  acid  or  water,  77. 
Volt  box.  applie<l  to  potentiometer  212  to  2 
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Volt   box,    applied    to    potentiometer   con- 
nections, 214. 
design  of,  215. 

boxes,  fees  for  testing,  266. 
Voltmeter,  78. 

Cardew,  32. 

D'Arsonval  type,  227. 

electrodynamometer,  233  to  234. 
type.  23s. 
Voltmeters,  electrostatic,  245. 
Voltmeter,  precision  dynamometer  type,  188. 

portable  D'Arsonval  type,  189. 

static,  73. 
Voltmeters,  testing,  215. 

uses,  190. 

Watches,  stop,  accuracy,  254  to  256. 

uses.  254. 
Water  rheostats  (see   rheostat),  467  to  469. 
Watt.  78. 
apparent,  28. 
dynamometer,  187. 
Watt-hour,  78. 

constant,  definition,  606. 
formulas  for  finding,  714. 
Watt-hoiir  meters,  107  to  108.     (Sec  aljo  me- 
ter, watt-hour.) 
capacity  required,  324  to  327. 
commutator  type,  principle  of,  132  to  136. 
continuous  current.  General    Electric,  see 

meter,  watt- hour, 
handling,  327  to  328. 
induction,  principle  of,  108  to  132. 
installation,  337  to  347- 
instructions  for  reading,  521  to  544. 
locations.  337  to  347- 
nimibering,  328  to  336. 
Duncan,  S3i  to  535- 
Fort  Wayne.  535  to  537. 
Westinghouse.  537. 
Watt-hour  meter,  records.  505  to  518. 

requirements,   suggestive  list  of,    1047   to 

1050. 
specifications  for  acceptance  of  type,  1043 

to  1047. 
testing  chapter  on,  351. 
testing  equipment.  457. 
Thomson,  general  notes,  735. 
Thomson  instructions  for  installing,  736. 
torque  of,  121  to  126. 

with  instrument    transformers,'  calibration 
of,  294. 
Watt-hour  meter  testing,  means  of  testing  on 
low  power-factor.  196. 
in  testing  room,  302  to  321. 
in  shop  and  equipment  for  testing   poly- 
phase   and    single-phase    meters    on 


various    power-factors,     voltage     a 
currents,  196. 
necessity,  351  to  355. 
testing  methods.     (See  test.) 
Wattless,  component  of  current.  78. 
current,  78. 

electromotive  force,  78. 
Wattmeter,  78. 
compensated,  33. 

electrodynamometer,   description,    237   ^ 

240. 

type  (Note:  by  error  Keystone  eJcctr- 

dynamometer  watt-meter.  Fig.   192  > 

designated  D'Arsonval   type),   237   t. 

239". 
indicating  polyphase,  how  checked.  212  v 

273. 

precision,  dynamometer  tyjae,  189. 

portable.  190. 

uses,  190. 
Watt-second  constant,  definition.  606. 

formulas  for  finding,  7I5< 
Wave,  analysis,  78. 
Wave  vibration,  amplitude  of,  27. 
Weather  chart,  548- 

Westinghouse  precision  ammeter.    233 
Westinghouse  precision  instruments,  descrlp 

tion  of.  240  to  242. 
Westinghouse  watt-hour  meters.      (See  war: 

hour  meters). 
Wheatstone  bridge,  30. 

description,  256  to  262. 

dial  pattern,  260  to  262. 

post-office  form.  259  to  260. 

sensibility.  262. 

slide  wire  type.  71.  260. 

uses,  190  to  191- 
Whitney   hot   wire    type    voltraeter     (iEj 

104. 
Winding,  bifilar,  30. 

multiple-,  60. ' 

secondary,  69. 
Wiring,  341  to  347- 
Wire,  phase,  64. 

positive,  66. 
Work,  79. 

Working  instrxmicnts,  248. 
Working  standards,   189. 
Worm,  on  shaft.  391  • 

-Wright   demand   indicator,     (See    maximaai 
load  indicators.) 

Zero  errors,  how  corrected,  278. 
Zero  reading  instrument,  239  to  240 

Kelvin  balance  principle,  229. 
Zero  method.  80. 
Zero  potential,  80. 
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